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INTRODUCTION. 


In preparing this Paper the Authors have been faced with the 
difficulty of doing justice, within the available space, to a subject 
_ which embraces such a great variety of constructional work. 
Articles dealing with various sections of the work carried out in 
Galloway have appeared from time to time in the technical press,1 
and, in order to avoid repetition, attention has here been devoted 
_ primarily to those special features, whether of design or construc- 
tion, which are either novel in themselves or which involved the - 
solution of problems not commonly encountered in general engineer- 
ing practice. With this object in view those sections of the Paper 
describing the details of the individual structures have been curtailed 
to the minimum necessary for a proper understanding of the scheme, 


ree ae) Y 


+ Correspondence on this Paper can be accepted until the 15th July, 1938. 
—Szeo. Inst. C.E. : 
gq 1 Engineering, vol. 138 (1934, Part 2), pp. 267, 345, 429, 557, 639; vol. 142 
3 (1936, Part 2), pp. 241, 297, 325, 383, 550, 604, 629, 687. ~ 
" The Engineer, vol. 158 (1934, Part 2), pp. 366, 381, 410; vol, 162 (1934, 
Part 2), pp. 265, 283, 309, 337, ; -. 


‘to~ Pa # 


' developed sources of power and to transmit the energy over long 


and in many instances it has been necessary to omit altogether — 
specific mention of subsidiary works. 


History. 


The hydro-electric works belonging to the Galloway Water Power 
Company are situated in the south-west of Scotland and occupy the 
southern portion of the mountainous region which lies between the 
estuaries of the Clyde and the Solway. 

In 1922 the Burgh of Ayr obtained parliamentary powers to 
undertake a partial development of the loch Doon catchment, but 
the project was never proceeded with, and the initiation of the 
larger and more comprehensive scheme which forms the subject of 
this Paper was due to two local residents, Major Wellwood Maxwell 
and Captain Scott Elliot, who, in 1923, discussed the matter in 
general terms with the late Colonel William McLellan, C.B.E., a 
partner in the firm of Messrs. Merz & McLellan. Later the firm of Sir 
Alexander Gibb & Partners was approached, and after making pre- 
liminary investigations they reported that the water-power resources 
of the district might be developed to the extent of providing the 
equivalent of about 20,000 kilowatts of continuous power. 

The scheme was, at that time, faced with two difficulties. Firstly, 
as the south-west of Scotland is sparsely populated and purely 
agricultural in character, the potential demand for power in the 
surrounding districts was, and still is, very limited. Secondly, the 
physical characteristics of the area do not lend themselves to the 
economic construction of the large seasonal-storage reservoirs which 
would be necessary were it proposed to develop the scheme for the 
supply of an industry offering a relatively uniform demand through- 
out the year. The position became altered, however, on the passing 
of the Electricity Supply Act of 1926, and the subsequent construc- 
tion of the National Grid made it practicable to tap hitherto un- 


distances to established industrial centres. From a detailed con- 
sideration of the distribution of run-off and the physical features of | 
the area, it was evident that the maximum economic use of the 
Galloway resources would be realized if the scheme were designed 
to meet peak-load requirements. This object could be the more — 
easily attained since the winter rainfall is ordinarily much greater 
than that which occurs during the summer months, permitting the — 
increased electrical demand during the winter to be met without — 
having recourse to large seasonal-storage reservoirs. Accordingly, 
designs were prepared for the development in two stages of a total | 
; — 
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of 102,000 kilowatts, to be operated on an annual load-factor of 
about 20 per cent. 
The Power and Traction Finance Company secured an Act of 


Parliament in 1929 incorporating the Galloway Water Power Com- 


pany with powers to construct five power-stations, together with the 
necessary reservoirs and other works. The Electricity Commis- 
sioners, who had signified their approval of the scheme when it was 
before Parliament, recommended during 1931 that the stations 
when constructed should be “Selected Stations” and that the 
entire output, after meeting certain small local requirements, should 


_ be taken by the Central Electricity Board for general distribution 


throughout the industrial areas of Central Scotland and North-West 


England. Plans for the South Scotland area were then adopted 


by the Central Electricity Board, who thereupon entered into an 
agreement with the Galloway Company for the purchase of the 
output from the projected power-stations. 

The first contract was let in November, 1931, and the two power- 
stations comprising the first stage of the scheme were put into 
commercial service in March and May, 1935, respectively.. The 
second stage was commenced in April, 1934, and the three additional 
power-stations which this embraced were completed in time to deal 
with the winter load of 1936-37. 

The area which has been developed includes the entire catchment 


of the Galloway Dee (345 square miles); in addition, a further 
- 50 square miles which lie to the north-west and form the catchment- 


area of loch Doon have been utilized by tunnelling through the low 


Ee ridge which separates the two drainage-basins (Fig. 1, Plate 1). 


Amenities Committee. 

Provision was included in the Galloway Water Power Act for a 
Committee to be appointed by the Secretary of State for Scotland 
with powers to consider the plans of the works and to make such 
recommendations, having regard to the preservation of the local 
amenities, as they might think proper. The following gentlemen 


served on the Committee :— 


mae t *, 
, ‘ 


ae 


Lord Hamilton of Dalzell, K.T., C.V.O., M.C., 
Sir John Milne-Home, D.L., J.P., 
Mr. H. O. Tarbolton, A.R.S.A., F.R.L.B.A. 


Throughout the work the Committee maintained the closest co- 
operation with the Company and their Engineers, and were most 
helpful in the suggestions they put forward with a view to ensuring ~ 


_ the suitability of the various works to their surroundings. 


— 
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_ parts of the area where previously observations were lacking. 
_ the present time the Galloway Water Power Company has tw 
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GEOLOGY. 


The greater part of south-west Scotland is occupied by intensely- 
folded rocks belonging to the Ordovician and Silurian systems, 
resulting in a structure of great complexity. Within the Galloway 
district occur three extensive granite intrusions, those of Criffel 
bordering the Solway Firth, of Cairnsmore of Fleet in the centre of 
the district, and of loch Dee extending in a northerly direction to 
the southern end of loch Doon. A further small granite intrusion 
occurs to the east of loch Doon at Cairnsmore of Carsphairn. Great 
alteration has been produced around the margins of these granite 
masses, which are surrounded by a broad band of metamorphosed — 
sedimentary rocks. In addition to the granite intrusions, a large 
number of dykes, consisting mainly of porphyrite, cut both the 
plutonic rocks and the surrounding sediments. One of these dykes 
cuts diagonally across the river Dee at Tongland dam, the meta- 
morphic greywacke in the vicinity of the plane of contact presenting — 
a soft and shaly consistency. The red porphyrite of which this 
dyke is composed was found to be much shattered and traversed 
by innumerable fine joints which made it impossible to excavate 
the rock in large blocks, although when crushed it produced an 
excellent concrete aggregate. 

With the exception of the Clatteringshaws dam, which is located 
on the northern edge of the granite mass of Cairnsmore of Fleet, all 
the works in Galloway lie on the greywacke formation. In general 
this rock was found to be badly jointed and weathered near the 
surface, and deep foundations were necessary for many of the dams. 


; 


: 


; Hyprooey. 
Rainfall. , 
The climate of Galloway is mild and the rainfall comparatively 
heavy, varying from 40 inches on the coast to the south to over 
90 inches on the high ground between loch Trool and loch Doon, — 
where the hills rise to an altitude of over 2,700 feet. Records | 
covering the district and extending over a considerable period were | 
already in existence when the scheme was being prepared, and it 
was thus possible to estimate the annual run-off with considerable — 
confidence. Since the Act was passed a number of new Tain-gauges 
have been established within the catchment-area affected by the 
Scheme, particularly at the higher elevations in the more remote — 
At 


rain-gauges under its own control, and in addition information is 


2 ar = 
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available from nine independent observers who send in regular 
returns to the Meteorological Office. There is thus one gauge to 
every 14 square miles of catchment-area. 

From the available rainfall-records the adjusted average values 
for the principal rain-gauge stations lying within or adjacent to the 
catchment were calculated for the standard 35-year period 1881 to 
1915. From these standard values a rainfall-map (Fig. 2, p. 328) 
has been prepared by the Meteorological Office to show the distribu- 
tion of rainfall over the area. From this map the mean rainfall 
for the standard period has been computed at 64-0 inches. 

The mean rainfall for each of the years 1930 to 1936 has been 
obtained by multiplying the standard value by a factor representing 
the relative wetness of each year. This factor was obtained by 


- taking the arithmetic mean of the percentage values for the different 
- gauges with reference to their standard values. Whilst it is recog- 


nized that in favourable circumstances a cartographic method of 
evaluation may lead to more accurate results, it is believed that in 
the present instance the distribution of the individual rain-gauges is 
such that any error is likely to be negligible. The results of these 
computations are set out in Table I (p. 329). 


_ Run-Off. 


The steep and barren character of the hills which cover the greater 


- part of Galloway is conducive to a rapid run-off, as is evidenced by 
the flashy nature of the rivers where they are not regulated by 
~ natural lochs. Owing to the balancing effect of loch Ken, however, 

the floods ordinarily experienced in the lower reaches of the Dee 
_ are of only moderate intensity. The greatest discharge observed at 


Glenlochar during the past 7 years occurred on the 17 th December, 


1932, and amounted to 11,800 cusecs, or 59 cusecs per thousand 


acres of catchment. During the same period, which included the 


y 


exceptional drought of 1933-34, the minimum discharge was 
recorded on the 28th June, 1932, when as the result of 28 days with- 
out rain the flow of Glenlochar fell to 130 cusecs or 0-65 cusec per 
1,000 acres. Both these extremes occurred before any regulating 
works had been brought into operation. 

Soon after the second-stage works were completed an exceptional 
flood occurred on the upper reaches of the Dee on the 13th December, 
1936, the discharge at Earlstoun being estimated at 21,800 cusecs, 
which is equivalent to 236 cusecs per 1,000 acres from a catchment- 
area of 144 square miles. The natural flood on this occasion was 


somewhat reduced by the regulating effect of the three reservoirs 


| 


2 


the diversion into loch Doon of water from the Deugh to the extent 


o. 
a « 


at Kendoon, Carsfad and Earlstoun, and to a smaller:extent by — va 
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me" 
of about 500 cusecs. In spite of the consequent flattening-out of — 
the peak, the recorded flood of 21,800 cusecs is in excess of that 
obtained from the curve for normal maximum floods recommended — 

by the Institution Committee on Floods.1 On the same occasion 
the maximum flood which passed Glenlochar, 15 miles downstream 
of Earlstoun, amounted, as a result of the regulating effect of loch 
Ken, to no more than 10,300 cusecs. The highest flood recorded 
at Glenlochar during the last 120 years occurred in 1872, when the — 
estimated discharge of the river Dee was 28,000 cusecs. | 
Soon after the Act was obtained, a gauging station was established 
at Glenlochar bridge at the outlet from loch Ken. From the records 
obtained Table II has been computed showing the mean rainfall, — 
run-off and losses over each of the 6 years 1930-1935. 


; 


TasLEe I].—Drxr CaTCHMENT-AREA (ABOVE GLENLOCHAR BRIDGE) ; 
311 Square MiEs. 


| Ave 
age. 


Mean rainfall: inches. .| 74:3 | 71-5 | 72:7 | 49-6 | 69-5 67-4 
Run-off: inches . . .| 57-9 | 58-9 | 58-1 | 37-9 | 58-2 2 | 53:7 
Total loss: inches. . .| 16-4 | 126 | 14:6 | 11-7 | 11:3 . 13-7 


a 


The information at present available with regard to the intensity 
and distribution of rainfall on the 50 square miles of the loch Doon 
catchment is insufficient to allow of reliable estimates being made 
for the mean rainfall and losses. ; 


3 


Compensation- Water. 


On account of the mills already established on the river Doon and 
the requirements of public health, the agreement incorporated in the 
Act provided that compensation-water should be released to the 
extent of 45 million gallons per day on six days a week, and to the 
extent of 40 million gallons a day on the seventh day. The provision 
is dependent upon the quantity of water abstracted by the Burgh 
of Ayr not exceeding a specified quantity, and the compensation- 
water is to be correspondingly reduced if this quantity should be 
exceeded. The requirements of the River Doon Fishery Board were 
met by the Promoters agreeing to release an additional 80 million 
gallons once in every 3 weeks, with the object of creating occasional 
freshets which would encourage the salmon to run. The to 
compensation-water required is equivalent to an average ra’ 


+ “Tnterim Report of the Committee on Floods in Relation to Rese voir 
Practice,” Inst, C.E., 1983, a 
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48 million gallons per day, corresponding to a rainfall of 24-0 inches 
over the catchment, or 33 per cent. of the average annual rainfall. 
In the case of the river Dee, the Promoters were more fortunate 
in that, with the exception of an artificial-silk factory at Tongland, 
no previous industrial use had been made of the water. The owners 
of this factory agreed to relinquish all claim to the river for power 
purposes, and accepted in its place a lump-sum payment together 
‘with the supply of electrical energy on favourable terms. The 
‘claims of the fishing interests were satisfied in the case of the Tong- 
land works by the release down the fish-pass of 12 million gallons 
of compensation-water per day for the period March to October. It 
“was further agreed that during this period additional water should 
be released to the extent of 30 million gallons per week. This 
‘additional supply is provided during two periods, one of 24 hours in 
the middle of the week and the other of 36 hours at the week-end. 
‘For the remaining months of the year the discharge down the pass 
is reduced to 5 million gallons per day. Similar arrangements were 
“made in the case of the other dams constructed on the river Dee. 


MetHop oF DEVELOPMENT. 


~The broad method of development will be clear from an inspection 
of Figs. 1 and 3, Plate 1. At the northern end of the district the 
“principal seasonal-storage reservoir has been formed by raising the 
level of loch Doon 27 feet by the construction of a dam across its 
natural outlet. Water from this reservoir can be drawn off through 
a tunnel and discharged as required into the Dee down Carsphairn 
Lane, the name given to one of its upper reaches. During times of 
heavy run-off water can be diverted into loch Doon from a portion 
of the Dee catchment having an area of 30 square miles, which 
“normally supplies one of the upper tributaries known as the Water 
of Deugh. The run-off from this area is intercepted by a system of 
_ catch-water conduits and weirs and passed into a free-flowing tunnel 
_ by means of which it is conveyed to an open aqueduct in Carsphairn 
Lane, which in turn is connected to the Doon pressure-tunnel. The 
steel pipe forming the connexion between this tunnel and the 
aqueduct from the Deugh is provided with a 5-foot diameter needle 
valve by which the natural flow of the Lane may be augmented by 
drawing water from both the Doon and the Deugh catchments. 
- When this valve is closed the whole of the water intercepted by the 
_ Deugh aqueduct system is passed into the loch Doon reservoir, thus 
reversing the normal direction of flow in the Doon tunnel. 

The first of a series of three power-stations is situated 9 miles 


‘below the draw-off valve in Carsphairn Lane. Known as the nF 


Kendoon power-station, it operates under an average net head. of 
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150 feet, which has been obtained by the construction of dams across | 
the Water of Deugh and the Water of Ken, the two principal tribu- | 
taries which form the headwaters of the Dee. The Carsfad power-— 
station is 1} mile farther downstream and works under an average ~ 
net head of 65 feet; immediately below it is the Earlstoun power- . 
station which utilizes a further 67 feet. These three stations are — 
normally operated together, and each is provided with its own head- 
pond to furnish the necessary daily regulation. The storage pro- 
vided by these head-ponds is, however, small, and for seasonal 
regulation reliance is laid on the loch Doon reservoir. 

A fourth power-station has been built at Glenlee about 24 miles 
north-west of New Galloway. This station derives its water-supply _ 
from a separate catchment-area feeding the upper reaches of the 
Blackwater of Dee, a tributary stream which flows into loch Ken, 
A seasonal storage reservoir, known as Clatteringshaws loch, has 
been provided by damming the Blackwater of Dee and submerging 
an area of flat marsh land. The water thus impounded is diverted 
by means of a tunnel and pipe-line, having a combined length of 
nearly 4 miles, to the power-house on the banks of the Ken, where 
an average net head of 380 feet is utilized. 

Below the Earlstoun power-station the river Dee enters a narrow 
lake, loch Ken, 10 miles in length. At the outlet from this lake, 
near Glenlochar bridge, a barrage of lifting sluice-gates has been 
provided by means of which the normal level of the loch can be 
raised for the purpose of providing weekly storage for the fifth and 
last power-station situated at Tongland on the estuary of the Dee. — 

Immediately above the village of Tongland the Dee flows through 
a narrow gorge. By damming this gorge it has been possible to 
utilize the greater part of the fall in the river between loch Ken and 
the tidal estuary, the average net head at the Tongland power- 
station being 106 feet. 

For convenience the leading particulars of the reservoirs, dams, 
and power-stations are set out in Tables III, IV (pp. 334, 335), and 
V (p. 336) respectively. — 


TaBLE III,.—Prrorwat PartTicuLaARS OF RESERVOIRS OF GALLOWAY 
Powrr Works. 


St 
Name of reservoir. Ca, city : Spillway- Water area at 
: ions of level: O-D. | SPillway-level: 
cubic feet. | acres, 


Loch Doon 
Kendoon . 
Carsfad 
Earlstoun é 
Clatteringshaws . 
Loch Ken . 
Tongland . 
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DESCRIPTION OF PRINCIPAL WORKS. 


_ The more important works will be described in their natural 
sequence, starting at the northern end of the district at loch Doon. 


Loch Doon Storage- Works. 


Loch Doon provides the main seasonal storage for the upper three 

power-stations on the Dee, having an available capacity of 2,930 
million cubic feet and a total draw-down of 40 feet. The original 
level of the loch has been raised by 27 feet, from 678-0 O.D. to 
705-0 O.D., by the construction of the loch Doon dam across the 
natural outlet at the northern end. The total length of this dam 
(Figs. 4, Plate 1) is 980 feet, the main central portion consisting 
‘of a mass-concrete structure of the gravity type, slightly curved in 
plan. An arcade carries a 16-foot roadway over the dam. Flood- 
water is dealt with by means of a spillway having an effective length 
of 110 feet, in addition to which a battery of three siphons has been 
installed on the right flank. These siphons each have a discharging 
capacity of 850 cusecs, and come into operation successively, the 
inverts of the throats being at 706-5 O.D., 706-83 O.D., and 707-17 
0.D. Each siphon terminates in a 5-foot 6-inch diameter Glenfield- 
‘Kennedy disperser. Compensation-water is released through a 
‘culvert provided in the base of the dam. 
- An interesting feature of the loch Doon dam is the fish-pass 
(Figs. 4, Plate 1), the upper portion of which consists of a series 
of chambers rising spirally inside a circular concrete tower standing 
‘within the reservoir. To allow for the varying level of the reservoir, 
‘alternate chambers are provided with a sluice-controlled orifice 
giving direct access to the loch. When the reservoir is drawn 
down below about 676-0 O.D., the main pass becomes inoperative, 
and, by opening the sluice-gate controlling the culvert through the 
dam, fish can enter or leave the loch by using the old outlet-channel. 
In addition to the main dam, the raising of loch Doon involved 
the construction of a small dam across a low saddle on the eastern 
side of the loch in order to prevent water flowing over the water- 
shed into Carsphairn Lane. Known as the Muck Burn dam, it has 
‘a length of 500 feet, and is of the earth-fill type with a concrete core- 
‘wall carried down to rock over the greater part of its length. 


Doon-Deugh Tunnel Works. 

The general purpose of the Doon—Deugh tunnels has already been 
‘mentioned, and their operation can be followed by reference [to 
ig. 3, Plate 1. Water from loch Doon can be drawn off into the 
ss leading to Carsphairn Lane through an intake constructed 
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Tapie IV.—PRINcIPAL PARTICULARS ¢ 


Name of dam. | Principal function. Type. 


‘Loch Doon . | Seasonal storage. | Gravity. 


Muck Burn . | To close depres- | Rock-fill embank- 


sion in water- ment with con- 
shed of loch crete core-wall. 
Doon. 

‘Deugh . . | To create head Arch and gravity. 


and provide 

daily storage. 

Ken . . . | To create head Arch and gravity. 
: and provide 

daily storage. 

‘Blackwater . | To form intake Arch and gravity. 
for Kendoon 


= aqueduct. 
Carsfad . . | To create head Arch and gravity. 
' and provide 

daily storage. 

‘Karlstoun . | To create head Arch and gravity. 
and provide 
daily storage. 

Clattering- Seasonal storage. | Gravity. 

shaws. 

Tongland . | To create head Arch and gravity. 

, and provide 

p daily storage. 


“mid-way along the eastern shore of the loch. The entrance tc 
tunnel is controlled by a roller gate with an opening 9 feet 
6 feet wide. The mouth of the tunnel is protected by a removi 
“screen sliding in vertical grooves, and this screen can be r 
by a bulkhead gate if it should become necessary to ca: 
repairs to the roller gate. The design of the intake-tower is su 
when the roller gate is closed access to its downstream 
be obtained after the tunnel has been unwatered, e 
The Doon tunnel itself is straight in plan, has a total le 
6,372 feet, and falls towards Carsphairm Lane with 
gradient of 1 in 1107. It is designed for flow under 
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Dams or GaLLoway PowER Works. 


a Arch portion of dam. 
s 4 Normal Normal 
; Spill- | maximum maximum 
— Batter Pe be depth Particulars of spillways. | spillway- 
Length: | Radius : of evel * | over crest : capacity : 
‘oe fect. eR A es cad feet. cusecs. 
r face 
i 
_ — = == 705 3 Overfall spillway 4,675 
i” 110 ft. long ; three 
ea siphons 5 ft. 6 in. 
is outlet dia. 
; — — — — — None. _— 
ee -- 
| 356 220 | 3 tol | 509-67 3:33 Overfall spillway 7,300 — 
- 2 326 ft. long. 
/- 220 | 165 |4to1]| 510 3 Overfall spillway 7,300 
—— 393 ft. long. 
“4 144 125 | 4tol — _ None. —_ 
"328 190 — 338 | 3 Overfall spillway 14,500 
* 736 ft. long. 
| 283 | 145 [4-35t01| 245 3 | Overfall spillway 20,000 
oe 287 ft. long; also. - 
% two floodgates each 
4 17 ft. 6 in. by 23 ft. 
= 6 in. 
— — — — 585 3 Overfall spillway 6,700 
E 350 ft. long. 


145 | 4tol| 120 3 Overfall spillway 30,000 
' 5 325 ft. long; also 
two floodgates each 
25 ft. by 31 ft. 


r Bahty horse- shoe-shaped i in seid. and has an equivalent diameter 
8 feet. The concrete lining of the walls and crown was specified 
cover the rock points with a minimum thickness of 3 inches, 
- minimum average thickness permitted being 7 inches. The 
sponding thicknesses in the case of the invert were 3 inches 

inches respectively. 

The ‘Deugh tunnel, which is of the free-flowing type, has a total 
length of 7,016 feet and a uniform gradient of 1 in 187; only the 


de walls and invert are lined with concrete. Its purpose is to — 
ble a part of the run-off from an additional 30 square miles of _ 
ee to as run 1 into He 2 for eee The water from 
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TaBLE V.—PRINCIPAL PARTICULARS OF PowER-STATIONS OF GALLOWAY 
PowrER WORKS. 


Gross volume of 
fing lg ba 
© Consumption ¢ oa Ys 
a Average of water on Number of above main floor 
Power- area: net head: full load at units and size: level: cubic feet. , 
station. square feet. average head:| kilowatts. i 
miles. cusecs. a 
Total. Nae 
—— (Se 
Kendoon . | 152 150 1,900 Two, 10,500 | 223,000 106 
Carsfad . 171 65 2,600 Two, 6,000 | 196,000; 163 
Earlstoun . 194 67 2,500 Two, 6,000 | 196,000 16:3 
Glenlee  . 47-5 380 870 Two, 12,000 | 146,000 5:3 
Two, 500 
Tongland . 395 106 4,250 Three, 11,000 | 420,000 12-6 
One, 250 


Bow Burn is intercepted by a concrete weir and passed through a1 
intake-chamber into a lined catch-water conduit which discharges | 
into a forebay formed on the Water of Deugh. The supply to the 
Deugh tunnel is taken off from this forebay through a settling 
chamber furnished with a submerged orifice, which, in conjunction | 
with the spillway provided by the weir, effects the necessary ’ 
regulation of the supply to the tunnel. 

At its downstream end the Deugh tunnel discharges into an open | 
concrete-lined channel, the upper section being provided with a. 


open concrete settling-tank provided with a scour-sluice and spill- : 
way. The downstream end of this tank forms a transition to a. 
reinforced-concrete pressure aqueduct of circular section having an . 
internal diameter of 14 feet 2 inches, sufficiently large to ensure 
that air would not be drawn downwards by the flow of water, 
This aqueduct also has a length of 300 feet, and is laid on a gradient | 
of 1 in 5-3, At its lower end it is connected by a suitable transition 
to an 8-foot diameter riveted steel pipe, which in turn is connected 
to the portal end of the Doon tunnel. The steel pipe is built up 
of 8-foot strakes of §-inch plate; it is stiffened by angle rings at. 
8-foot centres and is carried on concrete piers 48 feet apart. . 

At the point where the pipe crosses Carsphairn Lane a 6-foot- 
diameter branch is taken off, and on the end of this is installed a 
5-foot-diameter needle valve fitted with a jet-disperser. The valve 
is manually operated from day to day in accordance with instructions 
received from the Control Engineer at Kendoon. | 


Kendoon Works. 


Reference to Fig. 1, Plate 1, will show that the Water of Deught 
- which has been previously joined by Carsphairn Lane, joins t 


ne 
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_ Water of Ken about 44 miles below the village of Carsphairn. A 
short distance upstream of this confluence the two streams pass 
through narrow wooded gorges, where they have been intercepted 
Pe by the Deugh dam and the Ken dam. The water impounded by 
_ these dams floods the low saddle separating the valleys of the 
_ Deugh and the Ken and forms a single reservoir, a cut through the 
_ saddle being provided to facilitate, under conditions of maximum 
_ draw-down, the transfer of the flow from the loch Doon reservoir. 

The Deugh dam (Figs. 5, Plate 1) consists essentially of a con- 
ee crete arch dam closing the river gorge, the right bank of which 
~ forms one of the arch-abutments. The left abutment rests partly 
“against the river-bank and partly against a tangential gravity dam 
_-which provides the necessary spillway-accommodation. The arch 
portion of the dam has a maximum height above river-bed level of 
ie 85 feet (measured to the footway) and a developed length of 356 feet. 
__ A 5-foot-diameter manually-controlled draw-off valve of the needle 
type, fitted with a disperser, is provided. To permit the needle 
valve to be overhauled an emergency bulkhead gate of a special 
yo roller design has been provided, by means of which the upstream 
end of the culvert can be sealed. The gate is normally kept in the 
“raised position in a gatehouse on the top of the dam. 
_ The tangential gravity section of the dam has an overall length 
of 371 feet, and provides a spillway having an effective length of 
- 326 feet, the crest-level being fixed at 509-67 O.D., 4 inches belaw 
| that of the adjacent dam on the Ken. The footway is carried on 
piers over the spillway. Training walls have been constructed so 


gia 


__ that the water discharged during floods is confined to a definite 
channel, the soft material overlying the rock has been removed, and 
all pockets of friable rock have been replaced or protected by 
concrete. 

"The Ken dam is similar to the Deugh dam. The upper portion 
~ of the right abutment of the arch is formed by a short length of 
gravity dam of non-overflow section, while the gravity dam on the 
left bank which forms the abutment provides the necessary spillway 
accommodation. As the surface rock on the left bank is of poor 
quality, the spillway-channel was lined throughout, and after drop- 
ping sharply to the river terminates in a concrete bucket designed 
to destroy the kinetic energy of the flood-water and prevent erosion 
of the river-bed. In order to distribute the flow down the channel 
ina uniform manner, guide-walls are provided at those points where 
sharp changes in direction occur. The design of this channel was 
based upon the results of model tests. - 
‘The water from the Kendoon reservoir is drawn off by a canal 
which takes off at the extreme end of the Ken dam on the left bank, 
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and roughly follows the contour of the hillside in a southerly © 
direction. The canal has a bottom width varying from 7 feet 
10 feet and is lined throughout its length of 2,500 feet with 6-inch — 
concrete slabs cast in place, the side slopes having a batter of 1} to 1. 
The canal is designed to deal with a variation in water-level of from 8 
to 10 feet, and terminates in a forebay formed by damming the ravine 
through which runs the Blackwater Burn, a small tributary stream 
which joins the Water of Ken about 4 mile below the Ken dam. 
The earthen embankment on the downhill side of the canal has 
an outer slope of 2 to 1, and was formed from material excavated 
from the canal cut, the overlying loamy material having been ~ 
previously removed from the ground-surface. When the canal was 
first put into service a certain amount of leakage occurred at several 
points along the toe of the embankment, and, although it was — 
thought that this leakage might, if left alone, gradually disappear 
in the course of time, it was felt to be more prudent to staunch it 
at the outset. Accordingly at those points where the leakage was 
observed a waterproof lining was laid over the water-face of the — 
embankment. This lining was formed of a 5-ply layer of felt and — 
bitumen covered with a reinforced-concrete slab 4 inches thick, the _ 
toe of which was keyed into the rock through which the bottom of — 
the canal had been excavated. 
On refilling the canal it was found that the waterproof lining was _ 
effective in stopping the leaks which had first been observed, but — 
as the water-level in the canal was gradually raised to the normal 
operating level further leaks began to appear at several other points. 
As it was most important that there should be no risk of any inter- _ 
ruption once the power-station was put into service, a continuous 
steel sheet-pile core was driven through the bank into original ground 
over those portions of the length which were not already protected 
by the waterproof apron. 
The dam on the Blackwater Burn consists of a central arched 
portion with a flanking gravity dam on either side, that on the left 
bank forming one side of the intake-chamber through which water 
is drawn into the pressure-aqueduct. The intake (Fig. 6) is 
provided with a sluice-gate of the free-roller type 13 feet 6 inches 
square. The gate, which is partially counter-balanced, is designed 
for operation against an unbalanced head of 31 feet, and is provided 
with rubber-covered steel stanching bars which bear against 
machined faces. Lifting of the gate is normally effected electrically 
by push-button control from the gatehouse, whilst lowering takes 
place under gravity under the control of a centrifugal brake. In 
addition to the manual control, closure of the gate is effected auto-— 
matically when the velocity through the aqueduct exceeds the 
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- normal maximum by 30 per cent., the tripping mechanism being 
- operated from a paddle which is fixed to the crown of the aqueduct 
on the downstream side of the gate. Provision is also made for 
_ tripping the gate from the power-station by means of the super- 
_ visory control. Debris is prevented from passing into the aqueduct 
by a set of vertical screens having a gross area at full-reservoir level 
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of 900 square feet. These screens, which slide in double vertical 
coves, are removable for cleaning and are handled by two 
_ electrically-driven hoists carried on a travelling gantry. The screen 
q panels carry a close wire mesh made up of No. 8 and No. 12 gauge 
_ wire spaced respectively at 1-inch horizontal and §-inch vertical — ; 
centres for the purposes of excluding smolts—young salmon 5 to a 
q inches in length on their first passage to the sea, At those times 
ae 
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of the year when it is not necessary to protect the smolts, the fine 
screens are replaced by others of a coarser mesh. 

Separate provision has been made at the intake for the passage 
of smolts in a downstream direction. As the water-level at the 
intake is subject to considerable variation, the upper portion of the 
pass was constructed in the form of a closed shoot, hinged about its 
lower end, the upper end being supported by a float which allows 
the inlet to the swivelling arm to be maintained at a constant level 
below the water-surface. The lower portion of the smolt-pass con- 
sists of a series of concrete chambers giving access to the natural 
bed of the Blackwater Burn. The normal discharge of the pass 
under full-reservoir conditions is approximately 17 cusecs. 

The upper part of the pressure-pipe which connects the Black- 

water intake with the power-station is a reinforced-concrete aque- 
duct (Fig. 7) having a diameter of 13 feet 6 inches and a length of 
2,830 feet. This aqueduct terminates in a steel surge-tower 50 feet 
in diameter and 85 feet high. The maximum static head at the 
lower end of the aqueduct is 110 feet, and the maximum working 
stress in the circumferential steel was kept down to 11,000 lb. per 
square inch. The pipe leading from the surge-tower to the power- 
station is of riveted steel plate, its upper portion being 13 feet 
6 inches in diameter. It is carried on concrete piers at 48 feet 
centres, movement due to temperature-changes being taken up by 
sleeve-type expansion-joints designed to deal with a total range of 
100° F. A short distance upstream of the power-station the pipe 
bifurcates into two 10-foot-diameter branches which supply the 
turbines. These two branches are provided with hydraulically- 
operated butterfly valves, which can be opened or closed either by 
direct manual operation or by push-button control from the power- | 
house. An overspeed-paddle trip is also provided to close the valves 
in case of accident. Immediately downstream of these valves the 
branch-pipes are reduced to 9 feet 6 inches in diameter and are 
buried and encased in concrete. The longitudinal seams were shop- 
welded electrically before delivery, whilst the circumferential site 
joints were riveted with external butt-straps. After complete 
erection the steel pipes were hydraulically tested, the upper section 
to a maximum of 140 lb. per square inch, and the branch pipes to a 
maximum of 165 lb. per square inch. 

The Kendoon power-station contains two 10,500-kilowatt units of 
the vertical-shaft, single-floor type. The substructure of the power- 
station is of mass concrete suitably reinforced, and in it are embedded 
the plate-steel spiral casings of the turbines and the draught-tube 
liners. Special precautions were taken during the pouring of the 
concrete around the spiral casings to ensure that no voids were 
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the footway of 70 feet, and produces an effective head on the power- 
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struction of a dam which ponds back the water to 338-0 0.D., 1 foot 
below the level of the concrete sill controlling the tailrace-level at 
Kendoon. The dam (Figs. 8, Plate 1, and Fig. 9) is of combined arch 
and gravity type. It has a maximum height from the river-bed to 


station of 65 feet. A view of the dam during construction is shown 
in Fig. 10. The draw-down is normally restricted to 2 feet, and 
the power-station operates in conjunction with that at Kendoon, 
where greater storage is available. In an emergency, however, the 
Carsfad head-pond can be drawn down to a maximum extent of 
8 feet. 

The discharge of flood-water at Carsfad has been entirely dealt 
with by spillways, and to obtain the necessary length the arched 
portion of the dam has been utilized as well as the gravity dam on 
the right bank. The combined effective length of the spillways 
thus provided is 736 feet, and with the designed head of 3 feet over 
the crest they are capable of discharging about 14,500 cusecs. 
Owing to the poor quality of the surface rock, the spillway-channels — 
were mostly lined with concrete and steps were taken to ensure that 
the banks and river-bed would not be subject to water flowing at 
high velocities. The design of these channels and protective works 
was again based upon the results of extensive model-experiments. 

To meet the requirements of the Scottish Fishery Board a fish- 
pass has been provided which will allow the fish to travel either 
upstream or downstream. The pass takes off from the river-bed 
close to the point where the turbines discharge into the tailrace, and 
comprises thirty-five steps divided by resting-pools into four flights. 
The entrance to the power-station intake is protected by a series of 
vertical screens of similar construction to those employed at 
Kendoon. 

The power-station accommodates two vertical units of 6,000 kilo- 

watts each, supplied from the forebay by two reinforced-concrete 
pipes, each of 13 feet 6 inches diameter and of similar construction 
to the aqueduct at Kendoon. The intake is controlled by sluice- 
gates of the free-roller type, each 10 feet wide by 14 feet high, which 
are normally operated from the control-room at Glenlee by means 
of the remote supervisory control but can also be operated locally by 
electric push-button control or by hand. As at Kendoon, the gates 
are partially balanced, and on being tripped either by hand or by 
means of the automatic overspeed-paddle, close by gravity. Filling 
of the turbines is effected by cracking open the main intake-gates, 
ees eat opening being restricted to 2 inches by means of a limit- 
switch. 


Since the Carsfad power-station is of the remote-controlled type 


GENERAL VIEW OF CARSFAD WORKS. 


Fig. 10. 


aa 


A CARSFAD DAM UNDER CONSTRUCTION. 


TONGLAND DAM, FISH-PASS, FLOODGATES, AND SPILLWAY. 


Fig. 19. 


TONGLAND POWER-STATION, 
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; “no accommodation for any permanent staff is provided, and it was 
_ possible, therefore, to make it extremely simple and compact. 


— Earlstoun Works. 


Between the tail-race of the Carsfad power-station and the head 
_ of loch Ken there is a difference of level of about 120 feet, rather 
_ more than half of which occurs in the 2-mile reach of river which 
- lies below Carsfad. Advantage was taken of the existence of a 
_ rocky gorge in the bed of the Dee at Harlstoun to construct an arch 
_ dam very similar to that at Carsfad. The dam (Figs. 11, Plate 2), 
in conjunction with a headrace-canal which extends along the right 
Ze bank for a distance of 1,200 feet, provides a gross head at the power- 
house of 69 feet. 

~- At Earlstoun flood-water is dealt with by spilling over the crest 
_ of the gravity dam which forms the right abutment of the arch, in 
_ addition to which two large floodgates, each having a clear opening 
| of 17 feet 6 inches and a vertical travel of 25 feet, are provided. The 
floodgates are of the free-roller type and are fully counterbalanced. 
- Automatic float control is provided for opening the gates in the 
event of the reservoir rising above a pre-determined level, and is set 
so that both gates open 2 feet when there is a depth of water of 
'. 18 inches over the crest of the spillway, the opening increasing to 
4 feet 6 inches should the reservoir-level rise a further 3 inches. 
_ For greater openings the gates are operated under manual control. 
As at Carsfad, the quality of the rock was such that it was con- 
_ sidered necessary to line all spillway-channels and to provide them 
_ with energy-dispersing buckets. 

The intake-gates, fish-ladder, turbine-pipes, and power-house are 
- similar to those constructed at Carsfad. Like that at Carsfad, the 
- power-station is remote-controlled from Glenlee. 


- Tongland Works. 

Although in following the course of the river Dee in a southerly 
direction the Glenlee power-station would be passed soon after 
leaving Earlstoun, it is more convenient in describing the scheme to 
deal next with the Tongland power-station. 

In order to increase the very limited regulation provided by the 
 Tongland reservoir, the level of loch Ken has been raised by a 
barrage of lifting gates at Glenlochar. The dry-weather level of 
the loch is about 142-0 0.D., although in times of heavy flood it 
rises to 150-0 O.D., or even higher. The barrage is designed to 
raise the normal level of the loch to 148-0 0.D., and in the top 
4 feet provides 320 million cubic feet of additional storage. 
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The six gates of the barrage (Fig. 12, Plate 2) are of the fully- 
balanced free-roller type of 45 feet clear span, three of them being 
10 feet deep and the other three 9 feet deep. The piers in which 
the gates slide are of reinforced concrete, and are surmounted by a — 
lattice-girder bridge which carries the lifting gear. The gates can ; 
be operated either by hand, by electric push-button control from 
the bridge, or by remote supervisory control from Tongland. In - 
addition, float-operated control-equipment is provided which causes _ 
the gates to lift in succession in the event of the loch rising above a — 
pre-determined level; a limit switch restricts the opening of the 
first two gates to lift, in order to prevent a too rapid increase in the 
flow of the river. A fish-pass has been incorporated in the centre 
of the barrage to allow the passage of fish when the gates are closed. _ 

The Tongland dam (Figs. 13, Plate 2, and Fig. 14, facing p. 343) __ 
is generally similar to those already described at Kendoon, Carsfad, 
and Earlstoun. It consists in the main of a horizontal arch which 
closes off the main river-gorge and a tangential gravity dam on the 
left bank. The latter is returned into the hillside across a depression _ 
which once formed the old river-bed before the Dee took to its 
present and deeper channel, and is provided with two large flood- — 
gates (Fig. 15), each having a span of 25 feet, similar to those at 
Earlstoun. 

The deserted river-bed (Fig. 14, facing p. 343) has been utilized as 
a by-pass channel down which the flood-water discharged from the 
dam is returned to the river. Ordinary floods are dealt with by 
means of a spillway-channel excavated along the flank of the hill 
forming the eastern boundary of the reservoir. The downstream 
end of this concrete-lined channel, which is capable of discharging 
6,000 cusecs with a head over the crest of 3 feet, is extended in 
the form of an apron and terminates in a bucket of similar design 
to those adopted in the case of the upper dams. The natural 
depression which lies below the flood-gates and spillway-channel 
has been utilized as a cushion-pool by the construction of a small 
concrete weir across its downstream end. 

At this point it is convenient to digress in order to describe certain 
events which followed the closing of the temporary openings in the 
dam and the diversion of the river down its ancient channel. 

Below the cushion-pool weir to which reference has been made, 
the old river-bed extends for a distance of about 60 yards and curves 
round to meet the present channel. The sedimentary rocks in the 
vicinity have been subjected to intense folding and have undergone 
great changes as the result of contact with the porphyritic dyke 
which here runs diagonally across the valley. Although it was 
known that the surface rock in the locality was for the most part 
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_of very poor quality, it was anticipated, having regard to the rela- 
_ tively small drop of 20 feet from the toe of the cushion-pool weir to 
_ the existing river bed, that no serious erosion would take place. 
_That confidence was, however, unjustified. After the closing of the 
last temporary opening through the dam the river was diverted 
_ down the floodgate-channel on the evening of the 20th October, 
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934, a discharge of 1,700 cusecs being passed under the control of 

Henlochar barrage. The following morning it was observed that 

1s the result of this very moderate flow serious erosion of the river- 

ank-had commenced at the point where the two channels met. It 

was at once apparent that retrogression was proceeding at a rapid 
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mt 
rate and would, if allowed to go on unchecked, eventually result in 
the destruction of the concrete weir at the south end of the cushion: 
pool, which pool in turn was used to protect the aprons of the spill- 
way and floodgates. The situation called for drastic measures, and — 
it was decided to commence immediately the removal of the concrete 
plug in the base of the arch dam with the object of turning the river 
back into its normal channel. Fortunately only a 3-foot thickness _ 
of concrete had been placed in the temporary opening when this — 
decision was taken, but it took 7 days’ continuous work to remove 
the plug, which contained about 30 cubic yards of concrete. Mean 
while, the situation was aggravated by floods which reached a peak — 
in excess of 10,000 cusecs and rapidly eroded away the soft rock of © 
the channel until the whole foundation of the cushion-pool weir was 
exposed. It was fortunate that this weir had been provided with — 
an apron with a slightly upturned toe, which effectively prevented — 
any undercutting and stopped further erosion. 

After the removal of the concrete plug and the restoration of the 
river to its old bed, remedial measures were undertaken. These were — 
based essentially on reconstructing the weir in such a way as to 
ensure the safe dissipation of the greater part of the energy of the 
flood-water. The design adopted was founded upon the results of 
model tests and is shown in Fig. 16, Plate 2. | 

For power purposes the water is drawn off from the Tongland — 
reservoir through an intake-chamber excavated on the right bank — 
immediately upstream of the arch abutment. The intake is provided _ 
with fixed screens supported on a reinforced-concrete and steel 
structure and gives access to a tunnel 480 feet long which forms the 
upper portion of the aqueduct. The flow is controlled by a sluice- 
gate measuring 20 feet by 18 feet. 7 

The main portion of the aqueduct is of reinforced concrete, and’ 
has a total length from the tunnel-portal to the surge-tower of 
3,335 feet, the upper section having an equivalent diameter of 20 feet, _ 
while over the lower 975 feet the equivalent diameter is reduced to 
18 feet 6 inches. One of the most interesting features of the aqueduct 
is its shape, which, as will be seen from Fig. 17, is a flattened circle, 
proportioned so as to produce under the varying internal pressure 
an approximately uniform circumferential stress not exceeding 
12,000 Ib. per square inch in the steel reinforcement. Longitudinal 


ae is provided to the extent of one-third of the circumferential 
steel, 


The aqueduct terminates in a surge-tower of unusual proportions 
and design (Figs. 18, Plate 2, and Fig, 19, facing p. 343). It consists 
of a steel tank having a diameter of 100 feet and a depth of 49 feet 
6 inches, the former dimension being fixed by considerations of 
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incipient stability. The tank is carried on a massive reinforced- 
oncrete substructure, and is provided with an internal overflow- 
ipe terminating in a large bellmouth, the lip of which is at the 
same level as the spillway of the dam (120-0 0.D.). Beneath the 
‘surge-tower the aqueduct trifurcates, the three branch-pipes being 
controlled by butterfly valves having a diameter of 11 feet 6 inches, 
which are accommodated in a separate valve-house adjacent to the 
surge-tower and are operated by oil servo-motors. 
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The power-house building itself is of similar construction to those 
mployed for the upper power-stations, but, in addition to the 
‘accommodation provided for switchgear and auxiliaries, office and 
‘store accommodation is furnished on a more generous scale. 

_ he power-house being located on tidal waters, the head on the 
“turbines is reduced by about 6 feet at high spring tides. Investi- 
gation showed, however, that increasing the maximum head by 
5 per cent. by deepening the river-bed could be justified on economic 
grounds, and this object was attained by the removal from the 
-race of about 15,000 cubic yards of rock. 


Glenlee Works. 
The Glenlee power-station derives its water-supply direct from a 
seasonal-storage reservoir at Clatteringshaws on the Blackwater of © 
Dee, with which it is connected by a tunnel and high-pressure pipe- | 
line. / 
The Clatteringshaws dam is of the plain gravity type and is 
slightly curved in plan (Figs. 20, Plate 2). It has a total length 
of 1,470 feet and a maximum height above river-bed level of 78 feet. 
The footway is carried upon a series of arches, and flood-water is 
discharged over the crest by a central spillway having an effective — 
length of 350 feet. The foundation rock consists of sound granite, — 
practically free from important fissures, and little excavation was 
necessary. 
The tunnel-intake (Fig. 21, Plate 2) was constructed in the 
form of a circular tower of heavily-reinforced concrete, the entrance 
to the tunnel being controlled by a sluice-gate of robust construction, — 
having a clear span of 8 feet 6 inches and a height of 15 feet. The 
gate is designed for both opening and closing against the full head — 
Control is effected in a similar manner to that already described in — 
the case of the upper stations on the Ken. An approach-channel | 
excavated in the bed of the reservoir and terminating in a forebay — 
in front of the intake-tower allows a maximum draw-down of 40 feet. — 


is the provision in the approach-channel of a series of concrete piers, — 
between which steel stop-gates can be inserted. These gates permit — 
the screens and forebay to be dewatered without the necessity of © 
drawing down the reservoir to the invert-level of the channel, and 
provide a reserve of stored water for operating the plant immediately 
on the completion of any inspection or repairs to the tunnel-intake. _ 

The tunnel has a total length of 18,988 feet and an equivalent 
diameter of 11 feet. It is concrete-lined throughout and over the 
greater part of its length is constructed on a gradient of 1 in 350. 
the gradient of the downstream section being increased to 1 in 100. 
At about its mid-point the tunnel passes under the Craigshinnie Burn, 
and the opportunity was taken of intercepting this stream and 
leading the water into the tunnel through the shaft which was used 
during the driving operations. The specification required that in 
the walls and crown no point of rock should come within 3 inches 
of the finished face of the concrete, and that the minimum average 
thickness of the lining should not be less than 8 inches. The 
corresponding figures for the invert were 2 inches and 5 inches 
respectively. 


To provide the necessary hydraulic regulation for the turbines, a 
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-eoncrete-lined surge-shaft (Fig. 22) was constructed as close to the 
portal end of the tunnel as the configuration of the ground would 
‘permit. The upper end of this shaft opens out into a small pond 
into which water is spilled during heavy upward surges. The pond 
is proportioned to deal with the tripping of the full station-load 
under conditions of maximum flood-level in the reservoir. Contrary 
to usual practice, the shaft has been designed to deal with the surges 
produced by suddenly throwing full load (24,000 kilowatts) on to 


Fig. 22. 
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the station under conditions of maximum reservoir draw-down, and 
? enable the resulting demand for water to be met as economically 
possible ‘a large horizontal gallery was driven into the hill near 
the bottom of the shaft. aaa 

The last 160 feet of the tunnel adjacent to the portal is lined with 
welded steel pipes having a diameter of 9 feet 6 inches and a plate- 
hickness of 7 inch designed to take the full bursting pressure. 
w through the tunnel is controlled by the installation at the 
1 of a 10-foot butterfly valve operated by a hydraulic servo- 
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motor cylinder deriving its supply from the tunnel itself. Ni ormally; 
the valve is operated under balanced conditions, to provide which ¢ 
by-pass valve is fitted, but under emergency conditions the valve an 
be closed against the full pressure, either through the medium of an) 
overspeed-paddle trip or by push-button control from the power-hous B. 
The pipe-line has a total length between the portal and turbine- 
valves of 1,427 feet, and ranges in diameter from 8 feet 9 inches at 
the upper end to 8 feet 4 inches at the main anchorage above the: 
power-station, where it bifurcates into 6-foot diameter pipes which) 
supply the two main turbines. It is of electrically-welded steel 
construction and has been designed on a very conservative basis. . 
From considerations of stiffness the minimum plate-thickness 
was fixed at 4 inch, the thickness where this figure is exceede 1 


full plate of 13,500 Ib. per square inch after deduction of a corrosion- - 
allowance of 4 inch. The efficiency of the longitudinal welded! 
seams was ascertained by tests to be not less than 100 per cent., , 
the material of the pipe being mild steel with an ultimate tensile 
strength of 64,000 lb. per square inch. The maximum static head 
at the lower end of the pipe-line is 410 feet, whilst the maxim 
working head resulting from the rejection of the whole of 
power-station load is 500 feet. All pipes were tested at the manu- - 
facturer’s works to a pressure 50 per cent. in excess of the maximum } 
working pressure appropriate to their position. After erection the 
pipe-line was tested as a whole to a pressure which was equivalent 
to 224 per cent. in excess of the maximum working pressure at the 
bottom, and approximately 75 per cent. in excess of that at the portal 
end. 

The welded longitudinal joints are provided with an externa 
cover-strap, while riveting was adopted for those circumferential | 
joints which had to be made on site, the butt-joint between the: 
pipes being welded on the inside and the cover-straps caulked | 
externally. The pipe is supported at 48-foot centres by sliding: 
bearings on concrete piers, and sleeve-type expansion-joints are 


diameter guard-valves of the butterfly type are installed on tk 
downstream side of the bifurcation, with the object of permittiz 
one of the power-house units to be run in the event of it becoming 
necessary to overhaul the turbine-valve of the other. These guard- 
valves are arranged for manual operation under balanced-pressure 
conditions. 

The power-house (Figs. 23, Plate 2) contains two main vertical 
shaft units having an output of 12,000 kilowatts each, together wit 
two auxiliary horizontal-shaft units of 500 kilowatts capacity. 
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admission of water to the main turbines is controlled by cylindrical 
balanced valves. 

As the Glenlee power-station was sited at some distance from the 
“river Ken it was necessary to excavate a tailrace-channel 900 yards 
in length. At its downstream end the tailrace is provided with a 
low weir which ensures that the bed of the channel is kept flooded 
when the station is shut down, thus avoiding the unsightly appear- 
ance which it would otherwise present at such times. The weir is 
surmounted by a low screen to prevent the entry of salmon into the 
-tailrace. 


Fisu-Passzs. 


_ The local proprietors in Galloway attached considerable import- 

Sece to the fishing, and measures had to be taken to secure the 
preservation of the Dee and the Doon as fishing rivers. The arrange- 

“ments which have been adopted to secure the passage of fish past 
the dams and power-stations have all been carried out to the approval 
of Mr. W. J. M. Menzies, the Inspector of Salmon Fisheries of Scot- 
land, and have proved very successful. The Galloway Water Power 
“Company were fortunate in obtaining the services of Mr. W. L. 

Calderwood, 1.8.0., F.R.S.E., formerly Inspector of Salmon 
Fisheries, whose Sroatich knowledge of the habits of salmon and 
' experience of fish-passes in many parts of the world proved of the 
greatest assistance. 

The Galloway Water Power Act provided that fish-passes should 
“be constructed at the dams at Tongland, Earlstoun, and Carsfad, in 
“addition to which a pass for the descent of salmon fry was to be 
provided at Kendoon, together with fish-hatcheries on both the Dee 
‘and the Doon. On the latter river a fish-pass has been substituted 

for the hatchery originally contemplated, and the question of a 
“hatchery on the Dee is at present in abeyance. The pass on the 
‘river Doon, which is of novel design, has already been described 
' (p. 333), whilst further details concerning the design of fish-passes 
will be found in the manuscript of the Paper filed in the Institution 

“Library. Brief mention will, however, be made here of the experi- 

“ments carried out at Tongland in connexion with the passage of 
smolts through the turbines. 

- The question of possible 1 injury to the smolts falls under the two 
heads of mechanical injury as the result of contact with the moving 
“buckets of the runner, and internal injury consequent upon the 
sudden change of pressure in passing through the turbine. It was 
believed that in the case of machines having the physical dimensions 
: _ those installed at Tongland, where the water-passages are 
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relatively large, the risk of mechanical injury would be slight ; 
was therefore in the direction of determining the effect of rapidly- - 
changing pressures that experimental information was sought. 
When the Tongland power-station is on full load a fish in passing } 
from the open forebay to the tailrace is subjected to a pressure 
which in a period of 32 minutes gradually increases from about i 
10 lb. per square inch at the tunnel-intake to 30 Ib. per square inch | 
at the base of the surge-tower. During the following 11 seconds} 
the pressure further increases to 45 lb. per square inch, which is 


in passing through the draught-tube to the tailrace. 
these rather unpromising conditions, a series of experiments was | 


those which would obtain in passing from the forebay to the tailrace : 
at Tongland. The experiments were very successful, in that they ’ 
showed that no harmful effects to the fish resulted from their being ' 
subjected to pressure-changes of the magnitude employed, and in 


been very favourable, and it is only infrequently that any stunned | 
or injured fish are seen. Only a proportion of the smolts find their : 
way to the sea by passing through the turbines, the majority using the ' 
fish-pass, in which they may be seen in large numbers during the: 
migratory period. 

The pool type of pass has been exclusively adopted in Galloway, 
and, with the exception of the fish-pass at Tongland power-station | 
and the smolt-pass at Kendoon, where the more usual over-fall weir 
is employed, the connexion between adjacent chambers takes the: 
form of a submerged orifice. Although passes of the former type, 
in which the water is spilled over the dividing walls between the 
chambers, are more easily regulated and are generally cheaper to. 
construct, it was decided to adopt the submerged orifice for the 
sake of the improved conditions which would be obtained. Where 
the fish-passes give access to a reservoir in which the water-level is 
subject to fluctuations, a series of float-controlled sluices is provided, 
by means of which the higher chambers of the pass are shut off in 
succession as the reservoir-level falls. 

At Kendoon, owing to the smaller physical dimensions of the 
turbines in the power-station and the higher head under which they 
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vad 


operate, it was decided to exclude the smolts from entry to the: 
power-plant by fitting special fine-mesh screens at the forebay. 
_ Accordingly a smolt-pass has been provided with the object of 
allowing the young fish from a possible future hatchery on the upper 
teaches of the Dee to travel downstream on their first migration to 
the sea. 

Apart from certain special cases where mechanical elevators have 
_ been adopted, as at the Baker River dam in the United States, it is 
believed that the fish-passes at Tongland, Harlstoun and Carsfad, 
_which have heights of 70 feet, 70-5 feet and 74 feet respectively, are 
amongst the highest which have been constructed. In designing 
these passes the vertical lift between successive resting-pools has 
_ been limited to about 20 feet, and, provided that this distance is not 
greatly exceeded and that the pools are adequately dimensioned, 
_ there does not appear to be any reason why fish-passes of consider- 
_ ably greater total height should not be successfully constructed. 

__ The pass at Tongland dam was the first to be put into service, 
and its operation was watched with a good deal of interest. Spring 
fish were already in the river at the time (April, 1935) and it was 
soon evident that they were experiencing no difficulty in finding the 
entrance to the pass and making the 70-foot ascent to the reservoir. 
On a number of occasions when the pass has been shut down for 
“inspection between fifty and a hundred fish have been counted in 
the various pools and chambers. 


Usz or Mopets 1n Desianinc Hypravutic Works. 


_ Throughout the design and construction of the Galloway works 
extensive use was made of models to determine the most satisfactory 
form of those hydraulic structures for which it was felt that ordinary 
engineering experience offered an insufficient guide. During the 
earlier stages the experimental work was carried out mainly in the 
Hydraulic Laboratory of University College, London, but later it 
was found preferable, owing to the limitations imposed on the 
quantity of water which could be handled in the college laboratory, 
, construct a testing flume on the site where larger-scale models 
ould be used. 

One of the first problems to be dealt with was the evolution of a 
suitable sill and protective apron for the barrage at Glenlochar, 
_ where the underlying rock in the river-bed is covered with a layer 


een tried with a model on a scale of 4 inch to 1 foot, the arrange- 
ent shown in Fig. 24 (p. 354) was finally adopted. A survey made 
23-- 
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f coarse gravel and boulders. After a large number of designs had _- ‘ 
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‘after the barrage had been in service for some months showed t ’ t 
no appreciable movement of the river-bed gravel had taken place. } 
The design of fish-pass chambers was also studied by means of 
models, the tests being principally directed to determining the best 
size and arrangement of orifices and bafiles with the object of reduc 
turbulence and broken water to a minimum. Methods of dealing 
safely with the discharge of flood-water in spillway-channels were 
also dealt with experimentally, particular attention being given to) 
the design of a suitable terminal bucket for the protective aprons 
which should safely dissipate the large amounts of energy representa 
by the release of flood-waters. The type of bucket adopted for the 
purpose is illustrated in Fig. 25, which shows the sill, protect: " 


a =e oe 


-_ ~ et 
Gravel, clay 
and stones 


Scale: 1 inch = 20 feet. 


Feet 10 5 0 10 20 feet 
Lee ee eS ee) ee = be, 
SECTION THROUGH SILL or GLENLOOHAR BaRRAGE. 5 
f apron and terminal bucket constructed for the flood-gates at. Tong 


land dam. In action, these flood-gates have passed discharg 
10,000 cusecs, the energy dissipated on these occasions amoun 
to 25,000 horse-power; after the passage of a flood it has 
_ found that there is actually an accretion of material at the down- 
‘stream edge of the concrete bucket, whilst the cushioning effect of 
the relatively deep water in the pool below has prevented appreciable 
movement of the soft shaley material which forms the bottom. 


METHODS oF Construction, 


» the methods of construction adop 
generally similar. Owing to limitations of s 
deal only with the dams and tunnels, 
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~ Construction of Dams. 

(a) Excavation. 

5 As a preliminary to the preparation of the contract drawings, 
- the sites of the dams were thoroughly explored by means of trial 
pores and pits. These investigations showed that conditions in 
nearly every case were not as favourable as had been expected from ~ 
the surface examination previously made, and led to certain 
_ modifications in the location and design of the works. 
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In spite of these precautions, it was found on opening up t he 
ground for the foundations of the dams that in many cases the — 
weathering and jointing of the surface rock extended to greater — 
depths than the borings had indicated and necessitated the removal — 
of large quantities of soft and unreliable material in order to obtain _ 
reasonable watertightness and an adequate bearing for the founda- 
tions. During construction the impermeability of the underlying 
strata was increased by an extensive programme of pressure-grouting. 
The river-bed portion of the foundations was constructed in two 
operations. First, one-half of the river was closed off by a cofferdam _ 
within which a block of the main dam was constructed to a little — 
above normal flood-level. This block, which was provided with — 
temporary openings (as may be seen in Fig. 10, facing p. 342), on com: 
pletion permitted the diversion of the river and allowed the second — 
half of the hed to be cofferdammed in its turn. . 

The type of cofferdam adopted varied with the nature of the — 
river-bed. At Tongland and at Glenlochar, where there was a 
sufficient depth of gravel overlying the rock, the cofferdams were of — 
single- or double-skin steel sheet-piling, and little difficulty was 
experienced in making them watertight. In other cases, where rock 
was at or near the surface, the cofferdams consisted of masonry or | 
concrete walls built during periods of low water and surmounted — 
by timber sheeting. 

Normal methods of excavation were used. The bulk of the rock- _ 
excavation was done by blasting, for which purpose the most 
effective explosive proved to be No. 2 Polar Ammon gelignite. 
Final trimming was usually carried out by barring and wedging. — 
Spoil was loaded into skips or jubilee wagons, hoisted by stiff-legged 
derricks and run to suitable dumps adjacent to the works. These 
dumps, if not later to be submerged by the reservoirs, were finally _ 
soiled and sown with grass seed. 


(6) Grouting. 


In order to avoid excessive loss of cement, the grouting of the 
rock foundations was not generally commenced until the concrete 
structure had been carried up to a height of about 20 feet. The 
general procedure was as follows. q 

After depositing the first layer of concrete in the bottom of the 
cut-off trench, 4-inch-diameter steel pipes were placed vertically at 
intervals of from 5 feet to 10 feet along the line of the trench an 
drawn up as the successive lifts were poured until there was a suffi- 
cient weight of concrete over the foundations to resist possible up ift 
from the pressure-grouting. Drilling through the cored holes wil 
then commenced with percussion drills, the method of forming the! 
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_ holes ensuring that the drill broke through the junction between the 
“rock and the concrete. Generally speaking, the holes were arranged 
_ alternately as primary and secondary holes, the primary ones being 
drilled to depths of up to 60 feet below rock-level, while the depth 
_ of the secondary holes was usually limited to 10 to 15 feet. After 
a series of holes had been thoroughly flushed out, grouting of the 
_ primary holes was commenced, pressures up to 200 lb. per square 
_ inch being applied by means of a reciprocating pump. Pure cement 
grout with a water/cement ratio (by volume) of 4 to 1 was used at 
the commencement of operations, the mixture being gradually 
- thickened as injection proceeded, and the process continued until 
the holes refused to take any more grout at the selected maximum 
“pressure. Sand was never mixed with the grout. 
It was commonly found that after a hole had been grouted to 
refusal, further grout could be forced in 2 or 3 days later. It there- 
fore became the practice to allow a hole to stand after its initial 
“grouting until the injected cement had hardened slightly, and then 
to flush it-out with air and water, re-grouting it again after a lapse 
of 2 or 3 days. In certain cases it was found necessary to repeat 
the re-grouting a number of times before the results obtained were 
~ considered satisfactory. Before re-grouting a hole, it was tested by 
__ filling it with water and applying compressed air at a pressure of 
75 lb. per square inch. If the water-level did not fall more than 
~ 6 inches in 20 minutes under this pressure, the hole was accepted 
as being tight and further grouting was not considered necessary. 
In certain cases where the rock was of poor quality additional 
- grouting was carried out on the downstream side of the cut-off 
trench, the work being executed either from rock-level or at a later 
_ date from the surface of the concrete block. 
"Results proved that the maximum grouting pressure of 200 lb. 
. ‘per square inch was not excessive, and examination of the tiver-bed 
and banks after the reservoirs were filled indicated that the grouting 
operations had been quite successful. 


~ (c) Concreting. 

After completion of excavation the rock surfaces against which 

concrete was to be placed were cleared of all loose material or shaken 
‘rock and then thoroughly cleaned by hosing-down and brushing. 

In the case of those dams constructed during the early stages of the 
_ work a good bond with the rock was secured by covering the surface 

| with a layer of thick cement-grout immediately before the commence- 


later dams by the application, in addition to the grout, of a layer of 


ei: 1} mortar 1} inch thick. Finally, on some of the last dams to 


\ 


_ ment of concreting. This procedure was modified on some of the ~ 


until the concrete in the adjoining bays had a 


for grouting the joints under pressure after the gaps had been 
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be constructed the grout and mortar were omitted and a bonding 
layer of specially rich concrete was spread over the rock surfac ib 
the commencement of concreting. The same procedure was adopted — 
where fresh concrete was to be deposited on set concrete surfaces, — 
the surface skin of the old concrete being entirely removed before — 
commencing operations. Whilst there is no conclusive evidence 
with regard to the relative merits of these three methods of bonding 
to rock or old concrete, the watertightness of the construction-joints 
in the completed dams would seem to indicate that the use of a 
covering layer of rich concrete was the most effective. The latter 
method was also considered to be the most economical, provided _ 
reasonable care was taken to avoid wastage of the bonding-layer 
concrete. 
Concrete was spread in layers not more than 2 feet deep, and 
the size of the block being concreted was restricted to ensure the _ 
completion of each layer in 1} hour. If the deposition of concrete _ 
was unavoidably interrupted so that a layer could not be completed _ 
in this time, no further work was done until the concrete surface _ 
had become sufficiently hard to allow of its being prepared for 
bonding as described. On most of the dams the height of each lift 
was limited to 4 feet. 7 | 
Concreting was discontinued when the temperature of the air or 
materials dropped to 38° F., and the minimum temperature at 
which it was recommended with a rising thermometer was 34° F. 
On three sections of the works concreting was made possible during _ 
temperatures below those specified by steam-heating the materials — 
and mixing-water. This did not prove very satisfactory, and was _ 
not generally permitted since, under certain conditions, it was 
difficult to ensure complete heating of the materials and, in some 
cases, to avoid overheating them. qi 
The shear strength of the horizontal joints was improved either 
by providing grooves in the top of the completed concrete lift, or 
more generally by finishing off the top in a series of steps rising 
towards the downstream side of the dam. In some cases, aS an 
additional measure of precaution, bonding stones were left projectix o 
above the top of each lift. ied 


The dams were constructed in bays about 50 feet long and to the — 
full width of the structure, ig 


spaces about 5 feet wide (Fig. 10, facing p. 342) which were not filled 


of the shrinkage to have taken place. 


In the closing-space faces of the main bays vertical keys wei 
formed, and in the case of the arch dams provision was also n 


DEVELOPMENT : CONSTRUCTIONAL WORKS. 359 


with concrete. For this purpose pre-cast porous concrete pipes 


_ were built up vertically in the upstream keys as concreting of the 
closing space proceeded. These porous pipes were in lengths of 
_ 2 or 4 feet and were approximately 9 inches square with a hole 
about 3 inches in diameter cored through the middle, the continuity 
_ of the pipes being broken every 30 feet or thereabouts by a 2-foot 
| layer of concrete. From the lower end of each 30-foot section of 
_ porous pipes a l-inch-diameter grouting pipe was laid horizontally 
_to the downstream face of the dam, whilst a 4-inch-diameter escape- 
pipe was similarly provided from the top end of each section. 
Grouting operations were delayed as long as possible to allow for 
“maximum shrinkage in the concrete. In grouting a section of 
| porous pipe, the escape-pipe was plugged when grout commenced 
to flow through it and injection was then completed at a pressure 
_ of about 50 lb. per square inch. 
iS 
ie 
~ Construction of Tunnels. 
@ Surveys. 
In the case of the Glenlee tunnel, the Contractor’s survey was 
based on a system of triangulation. To check the setting-out the 
Engineers established the tunnel centre-line on the ground surface. 
- In transferring the tunnel centre-line from the ground surface to 
the bottom of the Craigshinnie shaft, two plumb-wires were used 
arrying weights immersed in oil and providing a base-line 8 feet 
long. The Contractor carried his line through the heading by 
‘means of the Weisbach triangle method, whilst the Engineers 
adopted the co-planar method as a check. 
_ When carrying the centre-line through the heading, a small 
graduated steel scale was fixed to each of the pegs in the crown of 
the tunnel at right angles to the line of the tunnel. In extending 
the line forward by theodolite, the scale-reading at each peg was 
observed and noted for reference ; this method proved to be of 
 sreat assistance when comparing a number of different check lines 
or the purpose of establishing a more accurate average line. 


2 (b) Excavation. 

| The Glenlee tunnel, which has a total length of 18,988 feet, runs 
| entirely through greywacke. Excavation was carried on from six 
faces, one from the Glenlee portal, two from an adit at chainage 
3 600, two from the Craigshinnie shaft at chainage 9,560, and one 


a? 


‘where a horizontal heading could be conveniently driven and 


> a 


ym the intake at Clatteringshaws. The adit was located at a a 


section) was 34 lb. During the earlier stages of driving the Con-_ 
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where reasonably level ground was available for the establishment 
of compressors and other temporary plant. The location of the 
Craigshinnie shaft was selected with the object of dividing the length 
of tunnel between the intake and adit into two approximately equal _ 
sections and at the same time avoiding the use of an unnecessarily 
deep shaft. After the completion of the works this shaft was 
used to bring additional water into the tunnel from two adjacent — 
burns. 

In five out of the six headings driving was carried out by th 
full-face method, but in the case of the heading driven from the — 
intake-end heading and benching were used with the object of . 
reducing trouble with water on a down grade and also of obtaining — 
a larger size of stone for use in pitching the intake-embankment. . 

In general, drilling was done at each face by four drifters mounted 
on two columns. Firing was carried out electrically with delayed- 
action detonators, and here again Nobel’s No. 2 Polar Ammon — 
gelignite was found to be the most effective explosive. The average 
length of pull was about 6 feet, and the average quantity of gelignite 
used per cubic yard of rock excavated (based on the designed cross- 


L 
= 


tractor drilled the outer ring of holes well inside the pay line, and 
although this method reduced overbreak to a very low figure, it led 
to a considerable amount of trimming. Later, in order to avoid 
holding-up the concrete work, wider drilling was resorted to in spite 
of the additional overbreak which this occasioned. 
Considering the tunnel as a whole, the rock conditions were very 
favourable, and, apart from a short length near the portal and a 
section of approximately 1,000 feet where the tunnel passed beneath 
Craigshinnie Burn, the rock was self-supporting. Where support 
was necessary, steel ribs formed to a circular shape from 5-inch by 
3-inch rolled steel joists were used at 5-foot centres in conjunction 
with heavy corrugated steel lagging backed by brickwork. These 
ribs were subsequently built into the permanent concrete lining of 
the tunnel. 
During the early stages of driving spoil was loaded into the wagons 
by hand, but later Sullivan pneumatically-driven scrapers were 
adopted and gave very good service and much faster loading. 
Electric battery locomotives were used for handling the spoil- 
trains during the driving period, but after the main excavation had 
been completed and a through ventilation of the tunnel could be 
obtained the engineers agreed to the use of diesel locomotives. After 
excavation was completed one-half of the Craigshinnie shaft was 
divided off by a timber bulkhead and used as a storage-bin forsand and 
stone, the materials being drawn off through hoppers at the bottom. 
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i The average time taken for the different driving operations were 
as follows :— 


Blowing out fumes after firing and clearing tracks. . 1} hours 
Removing spoil with Sullivan scraper . . . . . 2 “93 
Setting up columnsanddrills. . ...... i ,, 
OU eee a ee ec Ce ame) 
Charging holes and blasting . . . . . + + + & 94 
Potala dc iieeeie ire ele is - 


__ Forced ventilation of the working faces was employed, the specifi- 
54 cation requiring a minimum of 4,500 cubic feet of free air per hour 
_ per man. The system was so arranged that air could be either 
blown into or drawn from the tunnel, the latter method generally 
being adopted. The exhausts of the diesel locomotives which were 
__used during the latter stages of the work were fitted with special 
' cleaning boxes, which proved effective in preventing the discharge 
of harmful gases. 

_ Electric power was supplied at 11,000 volts from the Central 
a Electricity Board’s temporary sub-station at Glenlee, a single-circuit 
a line on wooden poles being taken along the line of the tunnel, and 
- supplies being tapped off where required and stepped down to 400 
 yolts for driving the Contractor’s plant. The Contractor was 


| required to provide an independent stand-by power-station, and to 


were installed. 
The following figures relative to the excavation of the Glenlee 


oq tunnel are of interest :— 
Explosives used perround . . - + + + 90 to 110 lb., depending 


upon quality of rock 
Best week’s progress at one heading. . . - 136 feet 
Average week’s progress for whole tunnel . . 100 feet per heading 


At the Carsphairn Lane end of the Doon tunnel, where the ground 
consisted of water-bearing moraine, it was necessary to excavate a 


length of about 200 feet under compressed air. When the bad 
ground was reached an air-lock was built across the heading and the 
- excavation carried. on under an air-pressure of 14 lb. per square 
inch. To support the completed excavation a brick lining was used, 
the lining being kept as close as possible to the working face as 
excavation proceeded. 

- The arrangements adopted for ventilation were similar to those 

Iready described for the Glenlee tunnel. 
The following figures relate to the progress attained :— 


Average monthly driving progress (one face) 375 feet 452 feet 
Best month’s progress . . - ( »  ) 617 feet 607 feet 


Doon Tunnel. Deugh Tunnel. ~~ 


A Ba ton , ‘ 
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In order to reduce trimming to a minimum, the Contractor iol ted 
to drive a relatively larger heading than was adopted for the Glenlee 
tunnel, the average overbreak resulting being shown by the following 
figures :— 
Doon Tunnel. Deugh Tunnel. 
Excess of excavation over specified 

minimum average section . . . 29 per cent. 26 per cent. — 


Excess of concrete lining over specified 
‘minimum average thickness . . 127 per cent. 108 per cent. 


The quantity of explosive used was about 4% lb. per cubic yard 
of rock, based on the designed cross section of the tunnel-excava 
tions, or 34 lb. per cubic yard if based upon the quantity of rock 
actually removed. 


Tunnel-Conereting. 


The unusually long shuttering used for the lining of the Glenlee 
tunnel was one of the most interesting features of the work. The — 
concreting gantry (Figs. 26), which was entirely of steel, was of 
the collapsible, self-supporting type and consisted of a single unit, 
150 feet in length, which permitted the walls and crown to be poured 
in one continuous operation. The gantry was articulated so that it 
could negotiate the several large-radius bends which occurred in the 
tunnel. 

In carrying out the lining operations, the first step consisted in 
screeding a narrow strip of the invert at the base of the wall on either 
side of the tunnel, after which the rails carrying the gantry were 
mounted upon concrete pads and accurately set. The gantry was 
then run forward, accurately lined-up, and the segmental steel 
panels which formed the shuttering expanded by jacks until ‘their 
lower edges nipped the strip at the base of the walls. 

Contrary to the more general practice, the concrete-materials after 
being batched outside the tunnel were transported to a mixer locates ed 
_ at one end of the form, where, after mixing, the concrete was fe od 
into special side-tipping wagons. These wagons were then hoisted 
on to the raised platform which ran the whole length of the form, 
and were pushed to the point where concrete was being deposited. 
_ The empty wagons were afterwards lowered at the far end of the 
gantry and were run back to the mixer along the tunnel floor. All 
placing of concrete was done by hand, and during the process the 
shuttering was vibrated by pneumatic hentia! " 
Once the men had become accustomed to the work it was tail 

possible to complete the filling of the whole 150-foot 1 q 
shuttering in 24 hours, After the lapse of a further 18 hours the 
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shuttering was eased away from the face by means of jacks and the | 
whole unit run forward on rails to its next position. a 
Whilst the great length of the shuttering used permitted a high - 
rate of progress to be attained, it was not easy, owing to the confined 
space in which the men had to work, to ensure that the concreti ng 
was carried out smoothly and continuously, and rough joints 
in the concrete lining were not infrequent. As a result of their 
experience at Glenlee the Authors would hesitate to advise the 
adoption of such an excessively long gantry for a tunnel of similar 
size. 
The best month’s progress was 2,250 feet, whilst the average for 
the whole tunnel was 1,300 feet. 
After the concrete lining was completed holes were drilled through 
the crown of the tunnel at 10-foot centres and grout was injected at 
a maximum pressure of 50 lb. per square inch. The average amount 
of cement injected behind the crown and elsewhere where necessary | 
to seal leaks was 1-55 cwt. per linear foot of tunnel. The grout 
used had a water/cement ratio (by volume) of 1 to 1. After the 
completion of the grouting operations the total leakage into the 
tunnel did not exceed 0-06 cusec over the whole length of nearly 
19,000 feet. | 
In the Doon—Deugh tunnels the concreting of the lining was 
carried out simultaneously with, and at a convenient distance behind 
the excavation of the headings. The Deugh tunnel, which was 
designed to be free-flowing, was, except at those places where the 
roof needed support, lined only up to the springing of the crown 
but the Doon tunnel, which was intended to work under pressure, 
was lined all round, and the crown afterwards grouted. Travelling 
shutters 30 feet long were used for the walls and crown, which were 
concreted separately, the invert being placed last without the 
of shuttering. 
Where the Doon tunnel ran through the bad ground already 
referred to, a heavily-reinforced concrete lining 4 inches thie c 
designed to withstand the whole bursting pressure was gunned on to 
the brickwork. Apart from this, the concrete work in the Doon- 
Deugh tunnels was quite straightforward and normal methods of 
construction were adopted. SF 
_ Figures relating to the concreting of the Doon-Deugh tunnel 
linings are given below :— 


: 
' 
s | 


4 


Doon Tunnel. Deugh Tunnel. 
Best month’s progress . . . . 882 feet 795 feet — 
Average monthly progress . . . 432 feet 376 feet 


« 
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e CoNTROL OF CONCRETE. - 

_ Aggregate. 

~ Generally speaking, the coarse aggregates used for concrete were 
obtained either from quarries opened up close to the site of the 
works, or ftom the excavations themselves. The principal excep- 
_ tion occurred in the case of the Tongland aqueduct, the 3-inch 
_ granite for which was obtained from the quarries at Dalbeattie. 

- The greywacke, a rock of sedimentary origin, which provided 
_ most of the coarse aggregate for the works, broke into flaky pieces 
' when crushed in ordinary jaw crushers, and it was found that a 
~ predominance of these flaky pieces in the coarse aggregate had a 
- more harmful effect on the workability of the concrete than the use 
of a poorly-graded material. For the Glenlee tunnel and the 
‘Farlstoun and Carsfad works, impact breakers were used instead of 
jaw crushers for breaking the stone. These produced less flaky 
tone, and led to a marked improvement in the workability of the 
concrete, which approached that obtained by using gravel for a 
coarse aggregate. In the Authors’ opinion too little attention is 
‘usually given to the shape of the individual particles when con- 
sidering the suitability of a particular aggregate, and, whilst the 
mportance of grading is generally fully appreciated, it frequently 
appens that the quality of a concrete could be improved by the 
use of a more suitable crushing plant. 


Sand. 

Considerable difficulty was experienced in obtaining sand of a 
suitable quality. On some sections of the work a mixture of pit- 
sand and granite or greywacke screenings was used as a fine aggre- 
~ gate, equal proportions being usually adopted. Screenings con- 
- taining more than 6 per cent. of dust were rejected. Typical results 
if tests carried out in the works laboratory (Table VI) demonstrate 
the detrimental effect of the dust which is usually found in the 


_ screenings from crushed stone. 


Tasie VI. 
D st (finer than No. 100 sieve) 
in fine aggregate, greywacke 
screenings : per cent. Nil 5 10 15 20 


Mean strength of three 3:1 
mortar briquettes at 7 days : 
Ib. per squareinch. . . 500 497 462 


a Tt was also found that adding too large a proportion of screenings — . 
i | . | 
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to the pit-sand had an adverse effect on the strength of the resu ‘in g! 
concrete, as is shown by Table VII. = | 


TABLE VII.—CoMPRESSION-TESTS ON CONCRETE SPECIMENS. 


Fine aggregate : a Strength at ; 
Mix. Stone. er ee en) a ok” 1 Oni aan 
Pit-sand : Screenings: inch. 
per cent. per cent. “A 
1:2:3 -inch greywacke 100 _ 2,284 
i i mr 75 25 2,362 


” 50 50 2,204 
‘8 25 75 1,882 
”? per 100 1,614 


As a result of the peaty character of the surrounding country, 
considerable trouble was met on account of the presence of vegetable 
matter in the supplies of pit sand. Sand failing to pass a specified 
sodium-hydroxide colour test was rejected, as was also sand con- 
taining more than 4 per cent. of loam. Although it is recognized 
that some types of vegetable matter may not be harmful, that met 


with in Galloway had a markedly deleterious effect on the strength | 
of the concrete, and in most cases where the concrete showed an 
exceptional falling-off in strength, the cause was traced to the 
presence of an excessive amount of vegetable matter. 


o 


Cement. 


_ All consignments of cement intended for use on the works were 
tested at the manufacturer's works and were not accepted for 
delivery until the results of the 7 -day tests were known to be satis. 
factory. After delivery to the site the cement was again tes ed, 
and these tests were usually repeated if a particular consignment 
had been on the site for more than a month. __ ve 
Considerable trouble was experienced at one period on account of 
the fast-setting properties of certain brands of cement, which pro- 
duced excessive shrinkage and cracking of the concrete. To reduce 
trouble from this cause, arrangements were made with the manu- 
facturers concerned to supply cement of a coarser grinding. It was 
arranged that a minimum of 6:5 per cent. of the cement should 
retained on a No. 170 sieve, and this modification in the Specifica 
proved quite effective in reducing the development of shrin 
cracks. For the same reason the use of special rapid-harden 
cement had previously been discontinued. wh 
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_ The principal concrete-mixtures used on the works are set out in 
Table VIII below :— 


Tasie VIII. 
Specified minimum 
i i compressive strength 
Specified proportions. pres in net 
; Size of square inch, 
Approx: | stone 
inches. : 
Cement:| Sand: Stone: Ordinary Rapid- 


ewt. | cubic feet.| cubic feet. Portland | hardening 


cement. cement. 
3 12 20 {Loa worss 2 1,200 1,900 
4 10 20 Wee ee 1 — 2,400 
5 12 20 L233 1 1,700 — 
64 12 20 1:14:24 1 2,000 3,000 
10 12 20 iV a 3 2,400 3,600 


ie In certain cases variations were introduced into the specified 
ce proportions of the concrete where it was found that by so doing the 
"workability of the mix could be improved without affecting its 
- strength. 

Class “ O ” concrete was used in the hearting of dams, wing-walls 
and retaining walls, foundations for power-stations and continuous 
saddles for aqueducts, anchorages and piers for pipe-lines, and in 
g mass-concrete work generally. 

Class “‘ D ” concrete was used in the Glenlee tunnel-lining. 
Class ““S” concrete was used in the Doon—Deugh tunnel-linings, 
- eanal-linings, intake-towers and in power-station walls, floors, and 
roofs. 

4 Class “‘M” concrete was used in the upstream facing of dams 
and spilways, cut-off walls, base layers of dams, crests of dams and 
ie -spillways, and around draw-off pipes and temporary openings 
through the dams. 

Glass “‘ R ” concrete was used for the reinforced-concrete pressure- 
~ aqueducts. 


Mizing of Concrete. 

Practically all concrete was machine-mixed. The materials were 
- mixed for a minimum time of 14 minute after the whole batch, 
| including water, had entered the mixing drum. yee eens 
plant was extensively used on the works. 


+ Control of Water. 


on ee absence of facilities for inundating the aggregates, the 
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quantity of water used was controlled by frequent slump-tests, the 
maximum slumps allowed being as follows :— 


For mass concrete . . . . . ~. Between 1 inch and 2 inches — 
For lightly-reinforced concrete work . Not more than 3 inches 
For heavily-reinforced concrete work . Not more than 4 inches 


Tests on Concrete. 

Specimens for crushing tests were prepared by filling 6-inch-cube 
cast-iron moulds from a representative sample of freshly-deposited — 
concrete. When sufficiently hard the cubes were stripped from 
their moulds and cured in damp sand thermostatically maintained 
at a constant temperature of 60° F. They were generally broken 
when 7 days old, but periodically additional cubes were made for 
testing at 28 days and 3 months. On the Stage I works, four con- 
crete specimens were prepared for each test. Experience proved, 
however, that this number could be reduced without affecting the 
reliability of the results, and on the Stage II works only two speci- 
mens for each test were prepared. On each occasion when test 
cubes were made, samples were taken of the cement, sand, and stone 
in use at the time, for further investigation in case the results of the 
cube tests should be unsatisfactory. 

On those occasions when there was reason to doubt the quality 
of any particular lot of deposited concrete, test-blocks were cut 
from the suspected portion of the structure and the usual com- . 
pression-tests were carried out. In some cases the samples were _ 
chemically analysed. . 

Periodic tests were carried out to determine the porosity of con: 
crete, these tests being generally confined to those mixes which 
were used in situations where impermeability was important. 

On the principal dams, records were kept of the internal tempera- _ 
tures of the structures during maturing of the concrete. The results 
of one of these tests are given in Figs. 27. ae 

In Table IX (p. 370) are given the average crushing strengths of the 
specimens made from the principal classes of deposited concrete. 
It will be seen that the average strength of the concrete used was 
more than 1} times the specified minimum. ' 


General Procedure Adopted for Concrete Tests. 


Tests on cement, compression and porosity tests on cement 
specimens, and special tests, such as analyses of set concrete, were 
undertaken by Mr. R. H. H. Stanger, Assoc. M. Inst. C.E., and a 
_ member of Mr. Stanger’s testing staff was resident on the works. 
A site laboratory, with the necessary apparatus for carrying out 
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Tape I[X.—MEAN STRENGTH OF CONCRETES USED ON Works. 


Average crush- Percentage 


Number of 
~ Approximate ing strength at | o¢ ified is 
pre ae made. es tee “strength. Poor gth. 
“©” (ordinary) | 1:3:5 203 1,960 164 9 
“0” (rapid- 
hardening) . | 1:3:5 45 2,500 132 
“D ” (rapid- 
hardening) 1:2:4 85 3,750 156 
“§” (ordinary) | 1:2:3 97 2,665 157 
“§” (rapid- 
hardening) 13223 21 3,560 142 
“M ” (ordinary) | 1:14:23 119 3,670 184 
_“M” (rapid- i 
hardening) 1:14:23 17 4,250 142 
“R” (ordinary) | 1:1:14 39 4,734 198 
“R” (rapid- 
hardening) 1 Sh hes RS 57 4,850 135 


tests on concrete materials, mortar-strength tests, etc., was estab- 
lished adjacent to the Engineer’s Office. 


Cost or Works. 


The total expenditure on the Galloway hydro-electric development 
amounted approximately to £3,000,000, of which £1,840,000 was 
accounted for by the constructional engineering contracts. The 
individual costs of the principal works are set out in mera 
(p. 372), and unit costs of construction in Appendix II (p. 373). 


CoNCLUSION. 


The construction of the works was undertaken in two stages, a and 
occupied a period of 5 years, being completed in the autumn of 1936 
The constructional works were designed and carried out under 
the direction of Sir Alexander Gibb & Partners, who acted through-— 
out in co-operation with Messrs. Merz & McLellan, the Consultin ig 
Engineers for the electrical portion of the scheme. The responsi: 
bility for the design and supervision of the works devolved w on 
Mr. James Williamson, M. Inst. C.E., who until recently was 
Engineer for Sir Alexander Gibb & Partners, whilst Mr. William 
Hudson, B.Sc. (Eng.), M. Inst. C.E., acted as ea vil 
Engineer throughout the whole period of construction. — 


. 
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From time to time the following acted as Resident Engineers on 
_ the different sections of the works :— 


_ Mr. A.R. Adams, B.Sc. (Eng.), Assoc. M. Inst. Clatteringshaws dam and 


cas C.E. Doon—Deugh tunnels. 
_ Mr. R. G. Edkins, B.A., Assoc. M. Inst. C.E.  Clatteringshaws dam. 
y Mr. 8. 8. Harrison, Assoc. M. Inst. C.E. . . Kendoon works. 


_ Mr. J. K. Hunter, B.Sc. (Eng.), M. Inst. C.E. Tongland works. 

_ Mr.C.C. Marshall, B.Sc.(Eng.), Assoc. M. Inst. Loch Doon dam. 

me - CR. 

a Mr, T. A. L. Paton, B.Sc. (Eng.), Assoc. M. Glenlee tunnel. 

je Inst. C.E. : 

- Mr. Guy Richards, B.A., Assoc. M. Inst. C.E. Glenlee power-station and pipe- 
Ae line, Carsfad works. ’ 
__ Mr. M. A. Speir, Assoc. M. Inst. C.E.. . . Glenlee tunnel and EKarlstoun 
ss works. 

_ Mr. B. W. Tawse, M.A., Assoc. M. Inst. C.E. Tongland and Kendoon works. 


_ ‘Mr. Walter Weed was chief draughtsman throughout the greater 
_ portion of the period occupied by the design of the works, and to 
- him the Authors wish to express their thanks for the assistance he 
| has rendered in the preparation of the Paper. 

The Authors’ thanks are also due to the Galloway Water Power 
Company and the Central Electricity Board for permission to present 
| this Paper, and to Sir Alexander Gibb & Partners for the facilities 
given for its preparation. 

Ee A list of the principal Contractors who were responsible for the 
~ execution of the constructional work is given in Appendix III 


- The Paper is accompanied by thirty-six sheets of drawings and 
six photographs, from some of which Plates 1 and 2, the Figures in 
_ the text, and the half-tone page-plate have been prepared, and by 
_ four Appendixes (three of which are printed). 
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APPENDIX I. 


Cost or PrincrpPAL WoRKS. 


Glenlee Works. 


Clatteringshawsdam ..... - 
Pullaugh Burn aqueduct 

_ Road-diversions and bridges 
Tunnel-intake works 
Craigshinnie shaft and ‘tonuel: adit. 
Surge-shaft ee 5 
Glenlee tunnel 
Pipe-line, including foutulations 
Portal-valve, guard-valves, valve-house, a 
Power-house . 
Access-roads . 
Tailrace and tailrace eileen 
Miscellaneous works . 


Tongland Works. 

Glenlochar ate 5 : 
Tongland dam and dspillway-works 
Fish-pass . 
Intake-works, screens sand gate 
Tunnel. ; 
Reinforced- concrete aqueduct . ‘ APR 
Surge- tower, overflow-pipe, trifurcation and Garbine- 

pipes =F.) . 
Valve-house foundations and superstructure . 
Power-house . 
Tailrace work ? 
Road-diversions . . . 
Miscellaneous works. . 


. . . 


Loch Doon Reservoir. 
BOOS oc is cia ee ‘ Sera 
Cy ia le iy ei Dee Nien apt 
_ Roads and bridges 


Doon-—Deugh Tunnel Works. 


_ Loch Doon tunnel ee ee oe hin: 
Loch Doon intake. , : &, ‘ 
‘Deughtunnl . . 
- Aqueducts, intakes, etc. 

_ Roads and bridges 


Carry forward . 
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: £ £ 
eS iBeoucht forward yaw eee ee Ps ge 1,151,000 
ae Kendoon Works. y 
oe Dams. . . Se Sei 168,000 
“a Canals and maaodluct® eee See ee. cee 86,000 
me BrSutgo-cowere a en 2 NIRS oreo ed Te 6,250 
| Pipeline . . pe a ee a a ealnnd a 20,000 
a Valves and valve- nore hi acces aed: St ee ere ge IRL 0) 
Meepeower-station «9. 30.) Fe se ell es 295600 
Mee Rosds'and bridges . . . . . . »-. » + = 16,250 
341,000 
ae. Carsfad Works, 
re 
Dam . . ee eee aee ok oe Wee Mis oe ee 2-000 
- Intake and rece ont + Bkeeh oa Me amy ote os Poe; 00 
j _ Power-station By te ets He Ns es ee ate ee Eos DUO 
é e Hish-ladg@er . % « « Se ae Lea Me 6,000 
aa YOR GIR =~ gp act pei een 4,500 
a 168,500 8 
, Earlstoun Works. 
Oa elWMGe y ci toe As ar ce. 500000 
pe - Canal, intake cary ie ene Oak.) yon os Re BAO 3500 
BeeePower-station . « «9. 64 2 4 6 = + i.) « «7 24,500 
Sepbish-ladder, uc 6 Ge od ee ses 8,500 
MeRoadsand bridges . =. .« . - « »« ~ « « «= 17,500 = 
és 173,000 
Miscellaneous works. . . - + - + + «© = - 6,500 
- Total cost of constructional work . . . . .. « £1,840,000 
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Unit Costs or Construction: AVERAGE RATES. 


Unit. - Rate. ; 
‘ Dams. £8. d. = 
'rench excavation in soft material in river-bed . . cubic yard 9 9 ar 
_ Trench excavation in rock inriver-bed. . . . - se Lge ae 
- Trench excavation in soft materialin banks . . . 5 0 ; 
- Trench excavation in rock in banksepeee Eras 5 aay 3 
_ Excavation in soft material for spillways, canals, AO 55 ‘ 


_ Excavation in rock for spillways and canals . . - ass 
Concrete, class “O,” in hearting and mass work 


enerally . es e 
te, class “ °M, ap be i iaciey iad piers, | footways, etc. i 


\ 
\ 


7 “* % me. oe 
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a 
™ Unit. | *Rai 
& Reinforced-Concrete Pressure Aqueducts. £01 
¥ Concrete, class “‘ R,” in reinforced shell . . . ~ cubic yard 3 1 
— Concrete, class “0,” insaddle . . . . .- -: ef 1 18 Gi 
Steel reinforcement of shell . . - - - + « + ton 12 tel 
Power-Stations. 
Concrete, class “0,” in mass foundations . . . . cubic yard 113 
Concrete, class “D,” in foundations . . .. .- < 119 
Concrete, class “‘ M,” » te Se ee ss 2° 2 
Concrete, class “‘ S,”’ ~ oe s 2 4 
Concrete, class ‘‘ §,”’ in walle Hook, As ns se Pi Se 
Steel reinforcement... . = =. ‘ais: ee ton 12 
Structural steelwork . . . . .- Aap Mae fs 15 0 
Surge-Tanks. . 
CE gE ee fae ee ee 4 167.004 
Pipe-Lines. 
Riveted steel, straight pipes. . . . . .. - “5 20 15 0 
Welded steel, = , Rh eee 19 11 0-7 
Bifurcations  . ~ 0 + -» > eee aT 2815 0 
Trifurcation (Tongland) eo it ae es Be 25 10 0 
sy cE 
Tunnels. 
Glenlee, excavation and concrete lining . . . «~ linearfoot 9 0 OF 
Doon ” ” ” . . . . ” 5 16 ! 
Deugh ** + “4 ie Te 55 5 3 OF 
Cementation of Dam-Foundations. 
Drilling through rock or concrete 0-20 feet . . . > 41 
” ” ” 20-30 ” ‘g ne ‘* ” 7 3 
” ” ” 30-40 te V 5. ne ” 10 2 
” ” ” 40-50 ” . . ” 1 0 } 
” ” ”? 50-60 ” ” 14 
” ” ” 60-70 ” ” 18 0 
” ” ” 70-80 ” . ” 1 2 ‘i t 
Cement used for cementation . . . . . . + ~~ ton 8 2 Ve 


_ Norx.—In all cases the fates for concrete include the cost of shuttering. : 
mecrrort prices include erection. > 
__ * These prices are for plain lined tunnel nee and excl a specia 1 

forced sections, grouting, ete. xf ve . Aha 
+ These drilling rates were applidwels to one dam only. 7k Oh eo Lae Bes 


7 . veld - ; : oe is = ; 
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APPENDIX III. 


PrinorpaL ContTRACTORS FOR CONSTRUCTIONAL WORK. 


Sluices for Glenlochar barrage. . . . . 
ates for Tongland dam — - Glenfield & Kennedy, Ltd. 


lenlochar Parvapes iodadations and piers : 

‘ongland dam and tunnel . . 3 emer ew er S007: Ltd: 

‘oad-diversions at (latteringshaws and Tong: 
‘land . ‘ ‘ 


Glenlee ea : Sle see 
| Glenlee power-station afd eiltaed Jk oe res 

tarlstoun and Carsfad dams and power- ee 

» stations. . . . ea ; 

Kendoon power-station. . . . .. - te 


Bidaom aqueduct . . “feast Gi. cae 
teringshawsdam . . . . . . . Shanks & McEwan, Ltd. ? 
ngland aqueduct . . . . . - . -\Wz. Taylor & Son (Glasgow), 
ongland power-station. . . . . + -; Ltd. 7 
joon—-Deugh tunnels . . . . . ~. ~~ Charles Brand & Son, Ltd. : 
ndoon reservoir-works . . . . . .\ Sir Robert McAlpine & Sons - = 


Donte a wemns 2h ees (Newcastle-upon Tyne), Ltd. : 


ee pipe-line. . . 2, MOM ER ee reer taat 
doon pipe-line and pierge-tower yo se LCR SE ht 
doon valves .. . . . Boving & Co., Ltd. 


-diversions at loch Deon aid Kentioon) W. Binnie & Sons, Ltd. 
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Paper No. 5163. 


“The Galloway Hydro-Electric Development, with 
~ Special Reference to the Mechanical and Electrical Plant. a: 


a 
3 By Wit11am Hawrsorng, B.E., M. Inst. C.E., and FREDERICK 
; Hersert WItuams, B.Sc. Tech., Assoc. M. Inst. C. E. 


E TABLE OF CONTENTS. 


: Introduction . é 
Purpose of the scheme 

Supply of water . 
Power-stations and plant 
Transmission-lines 

Safety-devices and protective m measures 
Operating experiences and results 
Operating troubles 

Staff 5 
Efficiency-tests 

Costs A 

General 


INTRODUCTION. 


The main function of the Galloway Water Power Company’s develop- 
ment is to supply power during times of peak load to the industrial 
areas of Central Scotland and North-West England. The distric 
in which the development is situated lies roughly mid-way between _ 
these areas (Fig. 28), and the power is transmitted northwards and 
southwards, as desired, over the National Grid line which runs from 
Carlisle to Kilmarnock and forms the western Grid interconnexion | 
between England and Scotland. 

This Paper deals with the purpose of the scheme, some features of — 
the plant, and the results obtained in operation. Descriptions are 
given elsewhere ! of the special features incorporated in the hydraulic — 


‘ 


a | ees on this Paper can be accepted until the 15th July, 19854 
—Szxo. Inst. C.E. 
_ 1 W. Hudson and J. K. Hunter, “ The Galloway Hydro-Electric Develop- 
ment, with Special Reference to the Constructional Works,” p. 323 (ante). R. W. 
Mountain, “‘ The Galloway Hydro-Electric Development, ‘with Special Reference 
to its Interconnexion with the Grid,” ”p. 407 (post). 
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works of the scheme, and of the installations of the Central Electricity 
Board associated with it. Some notes on the hydraulic plant have 
previously been published.1 


Pa 


PuRPOSE OF THE SCHEME. 


ie The scheme is the first important instance in Great Britain of 
| plant Being installed to deal primarily with the daily peak which is 
_ found in the load-curves of most supply-undertakings, and which may 


ee Fig. 28. 
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be expected to increase in magnitude and sharpness as the domestic 
use of electricity develops. Figs. 29 (pp. 378, 379) illustrate the way 

in which the peak-load problem varies in different undertakings ; 
Ra Fig. 29 (a) represents the load of a power-station supplying a suburban 
railway, Fig. 29 (6) the load of a municipality, and Fig. 29 (c) the 
combined load-curve of the British Grid. The term “ peak” may 


** Recent Developments in Hydro-Electric Engineering, 


x ’ ae 
2.Dr. P. W. Boower ch. E., vol. 134 (1937), 


ith special reference to British Practice.” Proc. I. Me 
283. : : 


i. 
~~ 
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Fig. 29 (a). 
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be variously interpreted ; in these diagrams the peaks are shown as 
the loads in excess of four-thirds of the average load; they amount 
to 4,000, 17,230 and 944,000 kilowatts respectively. On this defini- 


Fig. 29 (b). 
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tion the load-factors in these three examples for the particular 
twenty-four hours illustrated are :— 


re Railway. Municipality. Grid. 

Overall load-factor, based on maximum 

- demand and total units: percent. . . 56-1 52-5 60 

Load-factor, excluding peak-load and peak- 

_ plant: per cent. Aus 7 
1 


Fen eb bt asian 72-6 73 
‘Load-factor of peak-plant : per cent. 


2 5:5 7:8 


woe 


It can be calculated from these figures that if the capital charges 
per kilowatt and operating costs per unit are the same for the peak- 
oad plant as for the rest of the installation, the cost per kilowatt- 


ere 


Fig. 29 (c). . 
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hour of peak energy may be from 3 to 5 times that of the energy 
produced during off-peak hours. Ina station mainly used for supply- 
g peak-load power, therefore, it is even more desirable than in 
base-load station that the capital charges, operating costs, or both, 
ould be low. Apart from establishing new highly-efficient base- 
load stations and using as peak-load plant the least efficient of the 


older installations (on which the capital expenditure has been wholly 


i . . . 
' or partly redeemed by the operation of a sinking fund, and which in 
addition often have the advantage of being near the centre of the 


load), three possible ways of producing cheap peak-hour units are :— 

(1) To erect near the centre of load steam- or oil-engined stations 
in which the capital cost is kept low, even at the expense 
of some reduction of efficiency and life. 


OE See eee 


pumped into elevated reservoirs during hours when thee 
demand on other connected plants is light, and is with-- 
drawn during peak hours through turbines which drives 
generators feeding into the main network, 
(3) To develop hydro-electric schemes in which the - 
run-off is stored during hours of light load and utilized! 
during the peak hours. ; 


The Galloway development is an example of the last-named way? 
of dealing with the peak-load problem; it is specially suitable fort 
the purpose, since the constructional works were relatively inexpen-- 
sive and the operating charges are particularly low. : 

The extent to which the Galloway development relieves the peak 
demand on the Grid is seen in Fig. 30, Plate 3, which shows the: 
maximum daily output from the system. 


SupPpLy oF WATER. 


In the Galloway catchment-area, two-thirds of the rain falls during 
the six winter months, and consequently the ability of the plant to) 
turn out units is greater during these months than in summer. This | 
fits in well with the general power-requirements of the country, . 
which are much less in summer than in winter. Reliance is not placed | 
entirely on daily rainfall and run-off, for, in addition to the head- | 
ponds above the power-stations which provide the daily storage, two 
reservoirs have been created for seasonal storage. One of these 
was an existing lake, loch Doon, part of the outflow from which is 
diverted from its natural northward course and passed southwards 
(via the rivers Deugh and Ken and their continuation the Dee) 
through -power-stations at Kendoon, Carsfad, Earlstoun and Tong- 
land. This loch contains storage equivalent to 18,000,000 kilowatt- 
hours. The other seasonal reservoir is the artificial Clattering: 
shaws loch, formed by damming the valley of the Blackwater 
of Dee; the water from it passes through a tunnel to Glenlee 
power-station whence it flows into the river Ken below Earlstoun” 
and is used again at Tongland. A complete draw-down of this 
loch (without any inflow) would produce 12,000,000 kilowatt 
hours. Loch Ken, across the lower end of which, at Glenlochaz 
a barrage has been constructed, may be regarded as partly 


seasonal and partly daily storage. It can provide 650,000 kilowatt 
hours. 


_ » aia 
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units they can generate without being drawn down to an uneconomic 
level is strictly limited. The limitations are as follows :— 


__ Kendoon.—The head-pond feeding this station has a normal 

draw-down of 8 feet, which gives 5-6 hours’ full-load running with no 

inflow. The reservoir is replenished in normal times from loch 

Doon through the valve at Drumjohn; the full discharge of this 

valve when the level of loch Doon is high is equivalent roughly to 

/one-quarter of the full load of the station. It takes from 5 to 7 hours 

for the water released at Drumjohn to reach Kendoon power-station 

intake at Blackwater. When this head-pond is fully drawn down the 

water will produce over 230,000 kilowatt-hours in Kendoon, Carsfad 

and Karlstoun power-stations. 

_ Oarsfad.—The head-pond for this station is fed direct from the 

‘tailrace of Kendoon power-station. About 4 to ? hour (depending 
‘on load) elapses between the times water is released at Kendoon and 
becomes available at Carsfad. The economical draw-down is 2 feet, 

‘which corresponds to about 1 hour’s full-load running of the station 
‘assuming no inflow. The normal draw-down is 8 feet, which allows 
of full-load running for about 44 hours without inflow and produces 
55,000 kilowatt-hours. 

- Earlstoun—The head-pond is fed direct from Carsfad power- 
station, the time-lag between the release of the water at Carsfad and 
‘its arrival at Earlstoun being 30 minutes as a minimum. The 
economical draw-down is again 2 feet, but owing to greater storage- 
“eapacity this allows of full-load running for about 14 hour without 
‘inflow. The normal draw-down is again 8 feet, corresponding to 
full-load running for about 5 hours without replenishment and an 
output of 60,000 kilowatt-hours. 

 Tongland.—The head-pond for this station has a normal draw- 
“down of 10 feet, which corresponds to about 2 hours’ full-load running 
of the station and an output of 65,000 kilowatt-hours. Thereafter 
the running depends, in normal weather, on the inflow, which, owing 
| to restrictions imposed by conditions outside the Company’s control, 
' must not, except in flood, be allowed to exceed the flow corresponding 
to half full load. Thus, starting up with a full head-pond and this 
inflow, the station can be run at full load for 3 hours, and thereafter 
2 at half-load so long as the half-load flow can be maintained from Glen- 
lochar. Tongland reservoir is replenished from loch Ken, which 
when full, and assuming no inflow, has a storage equivalent to full- 
load running of the station for about 20 hours. The time-lag between 
the release of water at Glenlochar and its availability at Tongland 
_ dam depends on the head in loch Ken, and varies from about 33 hours 


e with a full loch to about 8 hours with a low loch. 
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PowER-STATIONS AND PLANT. 


Investigation showed that the scheme would be economica yi 
satisfactory if it were laid out to give a load-factor of about 20 p er 
cent. in a year of normal rainfall. Accordingly plant of a Ta ed } 
capacity of 102,000 kilowatts was installed in the five power-statio: ns 
of which particulars are givenin Table X. The hydraulic conditions: 
at each station are set out in Figs. 31, Plate 3. ; 


TABLE X.—PARTICULARS OF PLANT. 
Rated capucity 102,000 kilowatts ; voltage of generation 11,000. 


Tongland.| Glenlee. | Earlstoun.| Carsfad. | Kendoon, 


; 
Range of net heads : feet | 114-95 415-346 | 68-66 66-64 156-147 
Number and rating of | 
generating sets in- ; 
stalled: kilowatts. .| Three, Two, Two, Two, Two, 
11,000 | 12,000 6,000 6,000 10,500 — 
Turbines :— 


Output: horse-power | 15,500 16,800 8,500 8,500 14,800 
Specific speed ; revolu- | 


tions per minute. . 84 35 104 104 57 
Normal speed : revolu- 

tions per minute. . | 214-3 428-6 | 214-3 214-3 250 
Runaway speed : 

revolutions per 


minutets.irs be sie 418 813 450 450 463 
Water - consumption 


per turbine on full 
load at average head: > 


cusecs. . . . .| 1415 | 435 | 1,250 | 1,300 | 950 | 
Diameter of runner || 8 ft. 8 in| 5 ft, |9 i. 2in,|9 ft. 2im.|7 fe, 7 im, 


In addition there is one 250-kilowatt auxiliary set at Tongland (water-con. ; 
sumption 35 cusecs) and two 500-kilowatt auxiliary sets at Glenlee (water-con- 
sumption 22 cusecs each). 


A view of the Tongland turbine-room is shown in Fig. 32 and the 
general arrangement of the Earlstoun power-station in Figs. 33, 
Plate 3. | 

Adjacent to each station is a step-up transformer substation of 
the Central Electricity Board, to which the power generated in the’ 
station is delivered. Switching for the 132-kilowatt substations is 
performed only at the three manually-controlled power-stations ; 
for Earlstoun and Carsfad substations it is carried out at Glenlee 
and Kendoon respectively. Fig. 34, Plate 3, shows the main 
electrical connexions of the Company's system and its interconnexion 
with the Central Electricity Board’s system. 


The design of the plant in the power-stations and the general layout 
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of the installation incorporate a number of unusual features, some of 
which are dealt with below. 


~ Remote-Controlled Power-Stations. 


_ Three of the power-stations are manually operated. The other 
two—Earlstoun and Carsfad—are unattended and are normally 
operated by remote supervisory control from Glenlee control-room ; 
_they each contain two 6,000-kilowatt sets and are the first important 
examples of remote-controlled generating stations in the British 
‘Isles. They can be operated under :—(a) remote supervisory control 
/ from Glenlee power-station, with automatic control of the turbines ; 
(6) local control with automatic control of the turbines; (c) local 
control. 

With each turbo-alternator in the two stations there is provided 
an automatic controlling equipment suitable for starting, running 
_ up to speed, synchronizing, shutting-down and protecting the turbo- 
alternator set. When the station is under remote supervisory control 
from Glenlee the automatic controlling equipment takes charge 
after the operation of the appropriate control push-button on the 
supervisory control-board and after the impulses over the super- 
 visory system corresponding to the desired operation have been 
received. The control-board in Glenlee is equipped with a mimic 
- diagram of the equipment in each station, and with apparatus for 
giving all necessary indications and performing the requisite opera- 
- tions. Standard-type telephone-relays are employed in the super- 
_ yisory and automatic equipments, and four pairs of wires are used 
between the Glenlee control-room and each power-station. 


_ Operation of Glenlochar Barrage. 

One of the most important duties of the control-engineer at Tong- 
land is to operate the barrage so that, while flooding of land below 
the barrage is avoided, water is always available on time and at the 
highest possible mean head for the load-period at Tongland without 
_any being lost over the spillway of the dam. A system of supervisory 
‘eontrol has been installed which enables the engineer to raise or 
- lower any of the six barrage-gates at will. It also gives indication 
of the position of each gate, of the water-level up-stream of the 
barrage, and of the flow from the barrage. These indications are 
obtained from potentiometers mounted on the gate-operating 
- mechanism and on floats respectively. In addition, audible and 
| visible alarms are given in the control-room when the water-level 


| waste-weir level. 


on the up-stream side of the barrage has risen 6 inches above the — 
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The gates can also be raised by hand or electrically by pu 3 
button control on the barrage itself. They are also raised automati = 
ally when the water-level in the loch has risen above the weir-level. 


Turbines. 


Glenlee and Kendoon, where the specific speeds are moderate or — 
low, the runners are of a modern Francis design. The Earlsto n 
and Carsfad turbines, on the other hand, have a fairly high specific — 


the Francis and the pure propeller type. 


Turbine-Runners. 


There was ample experience on which to base the design of the 
blading for the Tongland, Glenlee and Kendoon runners, but on 
account of the relatively high specific speed of the runners for Earls- 
toun and Carsfad it was essential to check their design by testing a | 
scale model. When the contract for these sets was placed there were . 
no facilities in Great Britain for carrying out such a test, and the | 
makers decided to instal at their Works an hydraulic testing plant — 
in which brake tests of a complete model of the Earlstoun—Carsfad | 
turbine, comprising distributor, runner and draught-tube, to a scale — 


have a skirt like the Tongland runner, but the tests showed that with } 


Generators. 


The alternators at Glenlee run at a comparatively high speed and 
have Totors of relatively small diameter and great length. The — 
machines therefore are of the usual three-bearing type with a com- _ 
bined thrust- and guide-bearing above the rotor, one guide-bearing 
below the rotor, and another on the turbine-shaft. All the other — 
machines have alternators of the umbrella type (Fig. 38, Plate 3) _ 
with the Michell-type bearing on the shaft below the rotor centre, 
The rotor has a dropped rim so that its centre of gravity is nearly in 
the plane of the thrust bearing. These are the first machines of this 
type built in Great Britain ; they have the advantages of requiring 
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only two bearings, of needing less head-room for dismantling, and of 
allowing a lighter construction than the more usual type. 


Closed Air-Oirculation in Alternators and Exciters. 


For the first time in normal European hydro-electric practice, 
‘closed air-cooling has been provided for the alternators. With the 
low and medium shaft speeds of water-turbine-driven sets open air- 
circulation has been the universal rule, but the Galloway alternators 
have been arranged for closed air-circulation, even to the inclusion 
of the direct-coupled exciters. A set of fan-blades is mounted on each 
face of the rotor, and the exciter has its own fan. The air is cooled by 
- water taken from the spiral casing through a reducing valve. The 
air can be kept above the dew-point when the machine is standing by 
~ thermostatically-controlled tubular electric heaters. 
The closed air-system was adopted to secure freedom from noise 
and dirt, and to avoid damage to the windings due to condensation 
~ of atmospheric moisture in the damp climate of Galloway on machines 
_ which are normally in use only during hours of peak load. 


Generator Supporting Barrels. 

_Aconed support of steel plate surrounded by a reinforced-concrete 
_ pedestal carries the alternators. This supporting barrel is stiffened 
| by horizontal and vertical ribs to assist in resisting the short-circuit 
torque of the alternator. It transmits the weight of the stator and 
- the revolving parts, which at Tongland may reach 140 tons (including 
_ the hydraulic thrust) to the speed-ring of the spiral casing and through 
it tothe foundations. Fig. 39 (facing p. 383) shows the barrel for 
Be one of the Tongland machines mounted on its spiral casing. 


SOK 


Use of Welding and of Stainless Steel. 


__ Electric welding was employed to an unusual extent in the con- 
struction of the plant. The draught-tubes were built up of butt- 
welded steel plates. The spiral casings for all the stations, except 
 Glenlee, were fabricated of mild-steel plates and welded in four 
‘sections to the speed-ring. The sections were fixed together with 
temporary fastenings before dispatch so that the generator-barrels 
could be assembled on them. The casings were then dismantled 
and shipped to site, where they were re-assembled by means of butt 
and stitch welding. When welding was completed hydraulic 
ae pressures varying from 90 to 330 lb. per square inch at the different 
stations were applied, and any leaks that became visible on tapping 
with a hammer were caulked or welded. Experience showed that — 
” caulking was more effective than welding where the leak was not due 
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to the splitting of a welded joint, and the repair could readily be 
tested by applying a blow-lamp to the repaired part with the casing 
full of water under low pressure. The concrete was placed around — 
the casing after it had been made watertight under the test pressure. — 
The generator support-barrels were fabricated by welding, as were 
the lower brackets and the oil-bath containing the Michell-type 
bearing. In the machines themselves welded parts were largely used 
instead of castings, for example, the top and bottom turbine-covers 
with their intermediate compartments, the bearing-housings and the - 
stator-frame, 
Some rather unusual welding work provides rustless surfaces on — 
the inner bodies of the cylindrical balanced valves and relief-valves, 
These inner bodies are steel castings, and the outer cylindrical surface 
which forms a guide for the sleeve constituting the closing organ of — 
the valve was coated with stainless steel in the shape of a strip 14 inch 
wide and } inch thick wound on spirally and electrically welded 
to the body, which was then turned down to final size. Similarly, — 
strips of stainless steel were welded on the outer edges of radial ribs — 
cast on the inner body to provide guides on which the sleeve-piston _ 
slides. 
It was desired to use stainless steel for the Earlstoun and Carsfad 
runners, where cavitation conditions are severe, but the cost of com-_ 
plete runners in that material would have been prohibitive. As, 
however, the risk of cavitation is to a great extent confined to the — 
backs of the runner-blades near the outlet-edges, protection was 
provided by the following methods. For the Kendoon runners the 
critical areas of the back of the blades of the cast-steel runner and 
adjoining portions of the skirt were ground and coated with stainless 
steel by electric welding, using stainless-steel electrodes. The welded 
surfaces were afterwards finished smooth by grinding. For the 
Karlstoun and Carsfad turbines the cast-steel runners were cast 
without the trailing-edge portions of the blades, these portions being _ 
made as stainless-steel forgings and electrically welded on to the main 


casting. The blade-surfaces were then finished smooth throughout by 
grinding. 


Balancing of Turbine-Runners and Alternator-Rotors. | 
A special method was adopted for balancing the runners for Earls- 
toun, Carsfad and Kendoon. Each runner was mounted with its — 

vertical centre-line on the table of a boring mill and supported on a 
steel ball above its centre of gravity. When the table was rotated 
any out-of-balance was shown by the tilting of the runner under 


centrifugal force. The alternator-rotors were balanced in the same 
way. 
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Dimensions of Surge-Towers. 

__ The dimensions of the surge-towers at Tongland, Glenlee and Ken- 
-doon were determined by the consideration that when all machines 
at any of the stations are supplying their full output over one Grid 
circuit, either to the north or the south, the tripping of a switch 
| will throw off the whole load and the turbines will reject full-load 
flow. The towers have to be of sufficient capacity to take the 
} resultant upward surge without risk of spilling over the top. There 
“must also be no danger of the downward surge being so great that 
_air is drawn into the pipes when the turbines are put on load again. 
Further, the diameter of the tower must be such that the surges 
‘will be damped out rapidly. Provision was therefore made when 
designing the surge-towers for 100-per-cent. load-changes for loading 
as well as for unloading. Usual practice provides surge-tower 
accommodation for 100-per-cent. full-load reduction but only for 
60 per cent. of full load being thrown on ; the ampler provision made 
in this case is desirable in order to provide a margin for the risk of a 
_ superimposition of surges resulting from two load-changes in rapid 
| succession. 


me 


Screen-Cleaning Gear. 

At Tongland considerable quantities of debris come down from the 
comparatively well-wooded shores of loch Ken and the river Dee, 
and motor-driven screen-cleaning gear was provided at the intake. 
" Screen-cleaning machines have not been installed at the three upper 
stations, nor at Clatteringshaws intake, since the country is mostly 
bare moorland with few trees and it was not expected that much 
floating debris, other than heather and grass, would collect on those 
take-screens. 


est and Loading Ponds. 


~ Water-resistance ponds (Figs. 40, p. 388) are provided at Tongland, 
Glenlee, and Kendoon, so that machines can be tested and governor- 

djustments made on steady loads and without interfering with the 
Grid system. Such adjustments are more important in hydro-electric 
an in steam stations, since excessive water-hammer and surges 
used by incorrect governor-setting may produce serious failures. 
he output of the machines at Earlstoun and Carsfad can be trans- 
mitted respectively to the Glenlee and Kendoon ponds over the 
Company’s 11,000-volt line. Each pond is capable of absorbing 
continuously 25,000 kilowatts at 11,000 volts between phases. 
pecial test-pond busbars are provided on the main switchgear, 
nd each main alternator circuit-breaker and the Earlstoun and 
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Carsfad feeder circuit-breakers at Glenlee and Kendoon respe 
are of the double-busbar type so that they can be plugged into the } 
main busbar or the test busbar as desired. a 
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The Company’s overhead-line programme was planned with the same 
object. The first line to be erected ran along the route of the Glenlee 
tunnel (with an extension to the site of the Clatteringshaws dam) 
from a temporary substation put up at Glenlee by the Central 
Electricity Board and containing a 3,000-kilovolt-ampere trans- 
former stepping down to 11,000 volts and fed through a 132,000-volt 
fuse. The line was looped into four construction substations on the 
i tunnel. The Central Electricity Board also installed a temporary 
“substation at Tongland, from which supplies were given to the con- 
tractors on the power-station site and through the Tongland-Glen- 
lochar line to those at Tongland dam. At a later date the Central 
Electricity Board’s transformer and high-tension fuse unit were 
transferred to a temporary substation at Drumjohn, where they were 
used to give a supply to the work on the Doon and Deugh tunnels 
and to the contractors’ camp there. 
__ The five power-stations are linked together by the Grid line, but 
it was necessary to have another connexion between the stations, 
since the Kirkcudbright County Council is entitled to supplies from 
two of the power-stations and from three points on the Company’s 
transmission-lines. Accordingly, an 11,000-volt line (Fig. 34, 
Plate 3) was run from Tongland to Kendoon, looping into the inter- 
mediate stations. Between Tongland and Glenlochar barrage the 
line is double-circuit with two open telephone circuits and two super- 
_ yisory-control wires. Between Glenlochar and Glenlee it is a single 
circuit without telephone or supervisory wires. From Glenlee to 
- Kendoon the line is a single circuit with a catenary carrying a tele- 
_ phone and pilot cable for supervisory control of the Earlstoun and 
_ Carsfad power-stations and for indications of the meters and instru- 
- ments of the Company and the Central Electricity Board. 
- Table XI (p. 390) gives particulars of the Company’s transmission- 


system. 


My 


Sarety-DEVICES AND PROTECTIVE MEASURES. 


_ Electrical or mechanical devices are provided to protect the 

different items of plant from injury due to accident or incorrect 

operation. In addition, various measures were taken to reduce the 

damage to the plant which may result if any part of the installation 

fails to function correctly. 

Generating Plant. 

3 oss of governor or lubrication oil-pressure, and excessive tempera- 
tures. The unattended power-stations are protected under 


The turbo-alternators are protected against overspeed, underspeed, __ 


390 HAWTHORNE AND WILLIAMS ON GALLOWAY HYDRO-ELECTRIC 


999 OvF‘T 89g 
9966 9816 SEFeL goes 
“(M-0) 
aved-¢ 9109-9 
‘(0-H) 
aved-7, 0100-¢ 
“(H-9) ‘D’M'S OL ON | “D’M’S OI “ON 
ared-p] 2100-9 "09-PO "0Q-PO 
“sorta uedo omy, | fatqvo AreuozeD ouoN sort uedo imo, | seam uedo OMT, 
oss 09€ Og Ose OSé 
“poom ‘opsurg “poom .,“V ,, "poom ‘opsurg "OOM (Vs, *poom ‘a[sulg 
( “ 6€%) 20-0 
$0-0 (sopra $E-Z) S10 ST-0 T-0 890-0 
“eu z-110@) “ou “OM, ‘ug 
GL:0 EL‘ L°€1 SE-6 G6-9 
000°TT 000°IT 000‘IT 000‘TT 000‘IT 
SS RAGENCODUSE. woopudey—soyusfy) | ‘doTUaTH-Ieyqoo[UeTH potently ee 


‘eran rad *q] QZ se100 euoydere3 pue 6Z0-/2, eB SAI00 4oTTT 
*10JONPUOO YAIVE We Se OSTV 840v 4 "19048 “4 MS 8/L SI 9[GvO oUOydeoq pure yortd oy} Sursoddns ostm Areuezvo oy, 
"UOOpUueyy 04 PLISIED YH “PYysieD 07 unoys[IEY Q- “UNoys[IEY 07 oofuepy seyrusts A-H 


: SELON 


* + * soma ATepxny 
qooy : (Wnurxeu) uedg 
gjod Zu10ddns jo od4 yz, 


* your erenbs : (1eddoa) 1030npuoo jo vary 
eee GN syMod1o Jo 19q un \y 


- Se[IUL : 9yNOI Jo 


qy500T 
OBeITOA 


“SUNI'T-NOISSINSNVY], CGVAHATAQ—]X AMV], 


- DEVELOPMENT : MECHANICAL AND ELECTRICAL PLANT. 391 


__ supervisory control by devices which, if abnormal conditions arise, 
_ prevent the sets from starting-up or shut them down if they are 
‘Tunning. 


CA 
Z. Precautions against Flooding. 


__ A disaster occurred in a hydro-electric installation on the Continent 
in January, 1934, when a manhole-cover on a pipe-line burst and 
released a jet of water which flooded the power-station, drowning 
nine men and wrecking the transmission and communication circuits ; 
a4 as a result there was delay in closing the intake-gates and a city 
farther downstream was in imminent danger of being flooded.! 
_ This emphasizes the importance of being able to close promptly 
rs in emergency the intake-gates of the tunnels and aqueducts. All 
Z -intake-gates in Galloway (except that at Tongland dam, which has a 
S duplicate electric supply) were designed to close by gravity against 
full flow with maximum head in the reservoirs. They can be tripped 
| either— 


Zz 
ye (a) automatically by paddles in the aqueducts, which operate 
fa when the flow becomes excessive, 

(6) locally by hand, 

(c) electrically from the power-stations. 


At Tongland the operating circuits for electric tripping were run in 
| duplicate by separate routes and were arranged to take their supply 


Precautions against Fire. ' 


__ A water-power station might not be expected to take fire, but since 
there is a considerable amount of oil in the switchgear and the turbine 
‘governor-system some fire-fighting equipment is desirable. This 
takes the form of hydrants inside and outside the buildings, and 
hand and portable extinguishers. Oxygen-breathing apparatus is 
srovided to enable men to work in the clouds of smoke that would 
| be produced by burning oil. The switch-houses are divided into 
~ compartments with self-closing doors having small openings through 
which the nozzle of a chemical fire-extinguisher can be inserted. 
Teak sills are fitted to the doorways to prevent burning oil passing 
from one compartment to another. Transformers and reactors are 
" set on raised plinths filled with granite chips and provided with 
drainage to soak-aways outside the building. Buchholz relays are 
' fitted to the indoor transformers and reactors. 
“Jur Rohrbruch-Katastrophe am Schwartz-See.” Schweizerische Bau- 
eitung, vol, 103, p. 59 (3 February, 1934). : 
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Precautions against Frost. 


The winters in Galloway are not severe, and consequently the — 
precautions against frost are not elaborate. Pipes for electric 
heating elements are fixed in the gate-grooves at Glenlochar barrage _ 
and Tongland flood-gates, and provision is made for a supply of low- _ 
pressure air to prevent ice forming on the grid in front of the Clatte 
ingshaws intake if the weather should be frosty when the level of 
the loch happens to be low. Heating plugs are provided in the valve- _ 
houses and in the cylindrical balanced-valve pits in Glenlee power- _ 
station. The probability of any appreciable amount of frazil ice 
forming was considered so remote that no provision was made for — 
heating the intake-grids. i 


Precautions against Lightning. 


The Galloway district is subject to severe thunderstorms; the 
Grid line, being insulated for high voltage, is not often put out of _ 
action, but the 11,000-volt lines throughout the county are shut — 
down comparatively often. Methods adopted in the Galloway — 
scheme for reducing the risk of trouble from lightning include the 
provision of lengths of underground cable between the switchgear | 
and the overhead-line terminations, the grading of insulators on the © 
first few spans of the lines, and the installation of surge-absorbers, — 
expulsion-gaps and lightning-arresters. 


OPERATING EXPERIENCES AND RESULTS. | 
The power-stations are “Selected Stations”, and all the energy . 
produced (except a small quantity for station-auxiliaries and com-_ 
pensation-supplies) is taken by the Central Electricity Board for 
distribution over the Grid. Thus the stations are operated to the 
directions of the Board, and the Engineers of the Company and the 
Board work together to ensure that water is available when required 
and that load can be taken when there is a prospect of losing units — 
by spilling at the dams; the successful results obtained since opera- 
tion started are largely due to close collaboration on these matters. — 
The scheme was designed to give a maximum output of 
102,000 kilowatts, but during the first 6 months of operation the 
maximum load was frequently 106,000 kilowatts ; even if the daily- 
storage reservoirs are not filled to capacity when there is an un- 
expected call for maximum output, at least 100,000 kilowatts can 
usually be given within a short time. The output during the fi rst 
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12 months of full operation was 242 million units, which is con- 
siderably above the estimate on which the scheme was based.1 
_ In addition, it has been demonstrated that the scheme possesses 
_ certain other valuable features which, although not readily expressible 
_ in money, are in fact very real ; these include :— 


(i) Quick starting-up both normally and in emergency; at 
Glenlee alone 24,000 kilowatts of power are always avail- 
able within a few minutes, and in the whole scheme 
about 100,000 kilowatts at comparatively short notice. 

(ii) Quick shutting-down when the industrial load is suddenly 
reduced, without loss of water and without the complica- 
tions inherent in steam plant. 

(iii) Maintenance of the voltage on the long transmission-line 
between Glasgow and Carlisle. 

(iv) Regulation of the frequency of the Grid in Scotland and 
N.W. England. 

(v) Ability to supply cheap units during the summer when 
efficient steam plant is being overhauled. 


Tasie XII. 
Timm REQUIRED FOR PUTTING STaTIons ON LoaD. 


Load: kilowatts. 


ate Total. 
gs Tongland. Glenlee. Earlstoun. Carsfad. {| Kendoon. 
5 11,000 12,000 _ 11,000 34,000 


10 22,000 24,000 68,000 
15 33,000 24,000 — 22,000 79,000 
20 33,000 24,000 6,000 6,000 22,000 91,000 
25 33,000 24,000 12,000 12,000 22,000 | 103,000 


M1 
3 


All load can be dropped in 5 to 10 minutes. 


3 ‘In any pioneer installation such as this, however carefully it may 
have been thought out, there is always the possibility that some 
nforeseen difficulties may arise or that some well-tried engineering 


1 The levels of lochs Doon and Clatteringshaws were somewhat lower at the — 
nd of the 12 months than at the beginning. The difference in levels represented 


ut 9 million units. 
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features may react unexpectedly to new conditions. Among the 
questions which only experience could answer were the following :— 


(1) What would be the effect of introducing a group of water- — 
power stations into the middle of a long transmission- 
line connected at each end to groups of steam-power — 
stations ? . | 

(2) Would any complications arise owing to the different 
characteristics of the governors of the water-turbines — 
and the steam-turbines ? 

(3) Would there be trouble due to load-swinging ? 

(4) Would oscillation of water-pressure in the pipe-lines or — 
tunnels make synchronizing difficult ? 

(5) Would there be any difficulty in dividing the load as desired _ 
between Scotland and North-West England ? 

(6) What would happen when all the stations were giving f 
output if the line opened at one or both ends ? 


Experience has shown that little need be feared on any of these 

grounds; in fact no unexpected complications have arisen and — 
operation has proved simpler than was anticipated. 
. Apart from unexpected calls for power by the Central Electricity 

Board to meet special conditions on their system, the working of the 
scheme falls naturally into the two categories of normal day-to-day _ 
operation and operation under flood-conditions. 


Normal Day-to-Day Operation. | 

Generally speaking, the scheme is so flexible that it is neither 
desirable nor necessary in normal conditions to operate it to a rigid _ 
load-programme. In fact such a proceeding, although it would 
simplify operation from the Company’s point of view, is undesirable _ 
on the wider consideration of the efficient operation of the National _ 
Grid. The day-to-day output from the scheme is generally arranged — 
a short time only before the actual load is required. At Tongland, 
however, somewhat longer notice is needed on account of the time 
required for the flow of water from loch Ken. In general, the — 
regulation of flow must have regard to the following :— 


(i) The anticipated load-requirements of the Grid. 
(i) The amount of water available in the main reservoirs (lochs 
Doon and Clatteringshaws), and particularly in the daily 
reservoirs and the rivers. ~ 8 

(iii) The prospect of heavy rain—this is of special importance 
towards the end of a week because the requirements of 

the Grid are then a minimum. 
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(iv) The necessity or otherwise of being able to give additional 
BZ emergency load to the Grid. 

oe (v) The desirability of avoiding loss of units by spilling at the 
ed dams. 


‘The Central Electricity Board’s requirements are generally stated 
| in the form of so many kilowatt-hours of power for two or three 
| periods during the day, and the programme for the regulation of 
_ the water is arranged accordingly. Normally, the flow of water is 
_ regulated so that the head-ponds are full at about 7.30 a.m., in time 
for the morning peak load. It might be thought that this would be 
difficult to arrange, but in point of fact it is comparatively easy with 
alittle experience. Occasionally, however, it is found that, owing to 
a local thunderstorm, one or more of the head-ponds fill up more 
_ rapidly than was calculated and there is a danger of water being 
spilled. Fortunately the flexibility of the Grid system usually per- 
its the Central Electricity Board to take at short notice the load 
necessary to avoid such spilling until the normal industrial load has 


If the load-programme does not call for the full output of the 
“scheme, the four stations, Kendoon, Carsfad, Earlstoun and Tongland, 
which take the run of the rivers are operated at or near full capacity 
as long as their reservoir-storage and the unregulated water-flow 
permits, Glenlee power-station being held in reserve for “‘ topping 
‘up ” and emergency operation. 

The flexibility of the scheme from the Central Electricity Board’s 
point of view is indicated by Figs. 41 and 42 (p. 396) which show the 
loads supplied to the Grid on the 15th January and the 13th October, 
1937. On the former date there was a flood, and the stations were 
in to give all the output the Grid could absorb so as to avoid loss 
f units by spilling. On the latter date no water was going to waste 
nd the Board took only the power required to help it to deal with 
he peaks. The load-factors on these two days (relative to the total 
aia installed) were 65-5 and 6-2 per cent. respectively. 

ee 
| Operation under Flood-Conditions. 

It has been realized ever since the hydraulic conditions were first 
‘investigated that it would be impossible during a heavy flood to 
void entirely the spilling of some water at one or other of the river 
ations. Accordingly, as soon as it is known that a flood is approach- 
g, steps are taken to reduce spilling to a minimum. Arrangements 


draw down the head-ponds as much as possible so that the pre- 
ranged load-programme may be dealt with by the flood-water. | 


e made with the Central Electricity Board to give the load necessary ~~ 


Fig. 41. 
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Loap-Curve or System: l5rH January, 1937. 


As soon as possible the valve at Drumjohn is closed and the maximum 
amount of water from the upper part of the Deugh is stored in loch 
Doon. Also, as soon as load-conditions permit, Glenlee power-station 
is shut down or its load reduced to store as much as possible in 
Clatteringshaws loch. These measures assist in reducing the water 

‘ to be dealt with in the river. 
Generally the first warning of a flood is given by the attendant at 
Drumjohn to the Kendoon power-station staff, who, in addition to 
passing the information on to Glenlee and thence to Tongland, hav 


Fig. 42. 
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_ to decide how soon the inflow from loch Doon or the river Deugh 
through the Drumjohn valve may be closed down having regard to 
__ the ordinary load-commitments. It takes about a day for a heavy 
~ flood to travel down the rivers from the upper part of the catchment- 
area to Tongland, but owing to the unregulated water which comes 
_ into the river from the east and west and to the necessity of keeping 
| reservoir-storage to deal with the ordinary load-programme, the 
_ notice even at Tongland may be a matter of a few hours only. At 
tes ~ Tongland, it is usual to prepare for an oncoming flood by drawing 
_ down loch Ken as quickly as possible after notice is received. In 
“this way an artificial flood is produced in the Dee about a day in 
_ advance of what would normally be the natural flood, and the latter, 
if of short duration, can be held in loch Ken. 

Between November 1936 and November 1937, the number of 
~ units lost by water spilling over the dams was 10,171,660. 

One of the advantages expected from the scheme was that the tops 
_ would be taken off the natural floods, so that damage to land adjacent 
to the river would be reduced. How fully this has been realized 
can be seen from Figs. 43 (p. 398), which show the actual rise of 
eis the river at Glenlochar during two floods in the winter of 1936-37 
and the heights to which the river would have risen if the flow had not 
_ been regulated. 

Ped 


ot and Weather-Conditions. 

a The Galloway rivers and streams rise and fall very rapidly, and 
this makes it difficult to avoid spilling water, particularly if, as often 
ie happens, storms arise in the night or at the week-ends, when the 
_ Grid load is comparatively small. Watching the weather-conditions 
~ is therefore an important part of the operation of the scheme, and 
- the recording barometer is valuable as a guide in this respect. 

_ The valve-attendants at Drumjohn, Blackwater, Carsfad and 
' Earlstoun, Clatteringshaws and Glenlochar report the weather- 
ie conditions daily to Tongland, and so do the staffs at Kendoon and 
 Glenlee. The level of Kendoon reservoir, which is affected not only 
by the inflow from Drumjohn but also by any water spilt at the 
~ Deugh intake and by the inflow from the Water of Ken and the Black- 
"water Burn, is indicated in Kendoon control-room. The levels of 
 Carsfad and Earlstoun reservoirs, which receive the unregulated flows 
the Polmaddy and the Polharrow Burns respectively, are spieakor 
in pe cisatee control-room. 
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in the head-ponds at the right times. At Glenlee this_ 
no difficulty, as this station in effect has water always ava: 
~ although this station is designed as an integral part of a peak- 
scheme and is generally so operated, it can be operated as a 
| load station when occasion demands, running at full load for seve 


Figs. 43. 
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Notes :— 
Curves “A show height of river flow - 
at bridge with storage in Loch Doon abel 
and Clatteringshaws Loch x - 
Curves "B" show estimated height sf Tigh 


of flow with no storage 


_ RecorpeD River-FLrows at GLENLOCHAR Brinpcr DURING FLOoD PrERto DS 
(Narurat Frow wirn Barracn-Gares Lirrep Crear or WATER). 


weeks. Even if there sweite no inflow to Claitevingshitwendoold t 
station could run at full load for 16 or 17 days if the loch wer fi 


by the by-pass water which has to be discharged con’ 
downthe fish-ladders at thedams at Carsfad, Earlstoun, and Tor 
and at Glenlochar barrage. At the three dams this is a 
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12 million gallons per day, but at the barrage it is substantially 
greater and varies with the level of loch Ken; with a normal loch 
and with the barrage- -gates closed this flow is auficient to replenish 
Tongland reservoir in about 36 hours, that is, over the week-end if 
the station is shut down. Another similar complication arises from 
‘the drainage and run-off from the land adjoining the rivers. In a 
‘dry spell quite a heavy shower has no effect, whilst a much smaller 
‘shower after wet weather causes appreciable inflow. 

_ It will be appreciated that normally Kendoon, Carsfad and Earls- 
‘toun are operated simultaneously. If one machine only is run at 
Kendoon, the other two stations also run with only one machine 
-each. The reservoir-levels at Carsfad and Earlstoun can be adjusted 
by varying the load between the stations; with average river-flow 
24,000 kilowatts at Kendoon, 10,000 tlowatts at Carsfad, and 12,000 
kilowatts at Earlstoun will maintain the levels steady. 


Storage of Water. 


_ The levels maintained in the storage-reservoirs require considera- 
tion and attention. They are brought as high as possible at the 
beginning of the summer and are drawn down during the late summer 
in anticipation of the autumn and winter rains; at the same time, 
as the occurrence and length of any drought cannot be foreseen, it is 
undesirable to draw down too far if emergency storage has to be 
Maintained. Both in winter and summer, on the other hand, 
the reservoirs must not be allowed to become too full, otherwise 
. heavy storm may cause spilling and a heavy loss of units. 


OPERATING TROUBLES. 


An account has been given earlier in this Paper of the measures 
taken to minimize the effect of the troubles that were to be expected. 
ixperience has already shown that many of these measures were 
Bpecessary. 


Bihries 


The main troubles which have occurred were directly and indirectly 
jue to lightning. The main difficulty, however, is, not the number of 
imes power-lines have been struck, but the fact that the Post Office 
elephone-system is frequently disorganized directly or indirectly 
y falling trees. As that system is depended on for communication 
»t only with the Central Electricity Board’s control-room in Glasgow, 
also to a large extent on the Company’s system, transmission of 
aessages during storm periods has been rendered difficult and slow. 
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ae 
It is hoped that most of this trouble will disappear with the comple: : 
tion of the undergrounding of the Post Office main lines, which is now j 
proceeding. . | 
The actual cases of damage due to lightning over a period of about ; 
5 years, including about 2 years of operation, have been :— f 


(1) one pole burnt in the Clatteringshaws line ; 1 

(2) about a dozen breakages of overhead-line insulators ; 
(3) four cable-box breakdowns at terminal poles ; 
(4) five instances of lightning damaging switches, and two cases 
of cables breaking down in power-stations. 
Trouble from lightning is increased by the fact that it is practically 
impossible to obtain low earth-resistances, owing to the rocky nature 
of the ground. This complicates the operation of the protecti ve 
gear. : 


i 
Pp 


; 
: 
| 


Snow and Frost. | 

As in the remainder of the country, trouble was experienced in | 
Galloway during the very severe blizzard of February, 1933. Ont 
the Clatteringshaws 11,000-volt overhead line one spur about a mile: 
long was brought within about 4 feet of the ground with a snow-sleet ; 
load of about 4 inches diameter on the conductors. Contrary 0: 
expectations and calculations, most of this line apparently recovered | 


3 


its original sag, and the damage might have been confined to a few’ 


broken insulators and some bent ironwork had not some of the copper | 
become annealed owing to the lines swinging together, and the pro- : 
tective gear having been rendered inoperative to maintain the supply. 
‘When the snow disappeared it was found that one section which h 
been kept alive on the ground had actually burnt the ground a 
rock for several yards. No poles were broken, presumably owing 
the boggy nature of the ground, which allowed them to give a little. 
Screens were fitted in the Glenlee tail-race where it discharges 
into the river Ken to keep out salmon. In times of severe frost, i 
the station is shut down throughout the night the shallow pools o 
water left in the tail-race freeze solid, and when the station starts 
up in the morning, the ice, sometimes 2 inches thick, is swep 
down against the screens and piles up in a solid mass which may k 
4 to 6 feet thick. This causes flooding from the tail-race till the : 
is cleared away. A spillway provided on the upstream side of the 
screens relieves the pressure caused by the blocking of the screens. — 
Ice which forms at Tongland dam is prevented from causing trouble 

at the intake-screens by letting extra water down from loch Ken se 
as to discharge the ice over the spillway, and occasionally by un ai 2 
up a machine when the station is normally off load. This also pre 
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vents the possibility of trouble in the valve-house and in the surge- 
‘tower. 


“Trash and Debris on Screens. 


Immediately after the completion of the scheme there was an. 
appreciable amount of contractors’ scrap material floating down the 
tiver, but otherwise very little trouble has been experienced with 
‘debris. In the autumn, particularly after the first heavy flood, a 
large amount of leaves and other debris comes down, and men have 
to be specially detailed for screen-cleaning for a couple of days or so. 
Plant and Automatic Equipment. 

- The water in the storage-reservoirs and rivers is normally free 
from sand or silt, and a recent inspection of the turbine-runners 
showed that they were in excellent condition, wear due to erosion 
and cavitation being very small. Some slight wear has taken place 
on the Tongland and Glenlee runners, which were operated at first 
for long periods at about one-quarter and one-half of fullload. The 
“machines are now run on as high loads as the Central Electricity 
Board can provide, and never for any length of time below about 
e-third load. 

In the general operation of the plant, there was a surprising lack of 
even small “ teething ” troubles, in spite of the fact that the applica- 
tion of a considerable amount of the equipment was novel. This is 
specially noteworthy because there was no preliminary running by 
the Company’s staff before the plant was put on commercial load 
after the Contractors had handed it over. With the switching-in 
of the second set at Carsfad at about 2.30 p.m. on the 27th October, 
1936, the scheme was completed. Within 3 hours of this the 
Jentral Electricity Board asked for and obtained the full available 
‘output of all the stations, which, with the existing water-conditions, 
was 99,000 kilowatts. 
In particular, the automatic stations were unexpectedly free 
from troubles from the start. There was naturally some anxiety 
“about the reliability of the two remote-controlled automatic stations 
" which were put into commission at the beginning of a winter in which 
an unusual number of storms occurred. These stations had to com- 
- mence operation before the remote-control gear was completed, and 
= were at first manually operated. When the remote-control. gear 
was available they were operated by it, but as the output of these 
ations was essential to assist the Central Electricity Board to deal 
th the load-demand, a skeleton staff was kept standing by in the 
ations until the winter peak-load was over. Experience soon 
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showed that this precaution was unnecessary, and the rout 
established is that these stations are started and stopped entirely 
remote control, and run without any attendance at all except for? 
routine daily visits of the maintenance staff or when handymen — 
are doing cleaning work or filtering oil. Table XIII gives a list of the | 
‘troubles experienced during the first 10 months of operation of these — 
stations. : 


Taste XIII.—List or Fauitrs aT CaRSFAD AND EARLSTOUN WHICH HAVI 
Causep Sets To BE Our or ComMMISSION DURING THE 10 MontTHs 
WHICH THE STATIONS HAVE BEEN ON COMMERCIAL Loap. 


Duration of fault, 


Nature of fault. Number of | Total. | maximum and mini- 
faults. si 


Mechanical Faults : 
Air-brake relay sticking 3 10-30 minutes. 
Solenoid oil-valves leaking 3 15-90 » et 
Choked oil-pipe : 1 10 Ge? . 
Faulty pipe-valve . 1 150s 
Intake-gate sticking . . 1 150s, . 
Intake-gate limit-switches 1 40° Son 

Electrical Faults : . 
Speeder motor armature - i 

DENCING oes see eee 1 180 pe 
Potential-transformer fuses | 
DLO Wire cies: eee 2 10) fink 
Potential-transformer winding | 
burnt out PR 1 19 Several days 
Voltage-regulator . : ie 6 20-120 minutes 
Contactors not making . . 2 33-60 =§, 
Mercury-pressure relays stick- 3 
2 Timer i, a apeennee hs a8 7 15-120, 

Supervisory Faults : | 

Relays, etc. operating incor- ‘ 
rectly . eee es 6 6 10-60 minutes. 
Operating Faults : , 
Merz-Price relay tripping while 
synchronizing . . . . + 15-85 minutes. 
Lock-out due to apparatus P 
being operated in wrong 8 
gequencess: ha. gc Py ve 2 20 % 
Lock-out due to fuses being ‘ 
withdrawn . ... . 2 30-80 ” 


* These periods relate to the time necessary to rectify the fault or replace the 
apparatus, and not necessarily to the time the stations were out of commission. — 
It is perhaps somewhat early to say much about the reliability 
these stations, but, as Table XIII shows, it is possible to speak | 
of the way they have operated so far. 


Weather and Incidence of Storms. 
Hitherto the weather-conditions have proved more seve1 
was anticipated from local information, wind, flood, snow an 
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ying all been of greater severity. It has not, however, been 
“necessary to make use of the provision made for dealing with frost 
on the bulk of the plant. It has, however, been found desirable to 
provide local heating on various valves and electrically-operated 
equipment in exposed places ; this has generally been done by pro- 
| viding small metal-clad electric heating units. Although, generally 
speaking, frost and ice have not caused any trouble on the main 
equipment, some small valves and pipes have been damaged ; these 
have now been protected by means of a pipe-insulating compound. 
The most noticeable effect of frost is to reduce appreciably the 
‘amount of run-off and thus lower the levels of the rivers. In the 
"winter of 1935/36 there was a period of several weeks during which this 
effect was particularly evident. 
- It is noticeable that during each of the 3 years of operation, 
there have been storms at certain definite periods—one storm 
at the end of June or the beginning of July and another storm at the 
end of October or the beginning of November. During the winter of 
36-37, although Galloway did not suffer from floods as severely 
some other parts of the British Isles, the rapidity with which the 
oods rose was very marked. On the 13th/14th December, 1936, 
shortly after the start of the operation of the full scheme, there was a 
particularly heavy flood during which, it is believed, the upper 
reaches of the rivers had their greatest recorded rise for about 100 
Eyears. The flood was due to heavy rain and a sudden thaw which 
melted the snow that was lying on most of the hills in the watershed. 
The maximum flow past Earlstoun power-station, about 21,800 cusecs, 
as nearly nine times the flow through the station when working on 
fullload. The level of loch Ken rose 4 feet 8 inches in 7 hours, and 
"at the peak of the flood the flow at Glenlochar barrage with the gates 
fully opened was about 10,300 cusecs. The hydraulic works stood 
“up very satisfactorily to these very severe conditions, and the only 
trouble experienced was a certain amount of erosion due to the floods 
overtopping the retaining walls of the spillway-channels. 


STarr. 


: In addition to the staff required for the operation and maintenance 
a the plant and works, some men will be needed to look after the 
numerous pieces of ground which the Company acquired in connexion 

‘with the works. Including these, the permanent staff will probably 
be between seventy-five and eighty. At present the permanent 


inistration six; for operation forty-eight ; and for Hiainbenesee 


a in Galloway numbers sixty-nine, including for management and ~~ 
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EFFICIENCY-TESTS. 


* The efficiency of the alternators was determined in the works in| 
the usual way, the figures given in Table XIV for one of the Kendoon . 
machines being typical. iy 
‘\ 
TapLe XIV.—Erricrenoy-Trests oF Kenpoon ALTERNATOR. 


Percentage of full load. 


Tron loss: kilowatts 

I?R-+ strays: kilowatts 
Excitation: kilowatts hes 
Friction and windage : kilowatt 
Exciter loss: kilowatts 


Total loss: kilowatts 
Output: kilowatts . 


Input: kilowatts 
Efficiency : per cent. 


After the sets had been erected and put into service the combined — 
efficiencies of the turbines and alternators were determined with as 
great accuracy as was practicable on site. For determining the 
water-flow, pitot-tube measurements were used at Glenlee and the 
“ salt-velocity ” method at the other stations. When all corrections — 
had been made the combined overall efficiencies of the sets at full 
load were found to be as given in Table XV and Fig. 44, Plate 3. 


TaBLE XV.—ComMBINED OVERALL EFFICIENCY OF TURBO-ALTERNATORS AT 


Fouuit Loan. oT 
Tongland - .  . 88-0 per cent. 
Glenleo Y4, res “S53 + 
Harlstodn i022 2 + *% 905 : 
Carsfad Ae core, bore vet eer Cas 0) + 
Kendoons® sp.’ 5.) 51 88°O - 
Costs. 


The construction of a steam power-station follows well-defined 
principles, and it was possible to say, at the time the orders for t 
Galloway plant were placed, that a modern base-load steam-stati 
could be constructed for a price of £14 to £17 per kilowatt instal 
Such a generalization is not possible in the case of hydro-el 
stations, since the hydraulic works absorb the bulk of the exper 
(in Galloway nearly 65 per cent.) and the cost of these depends 
the configuration of the land and the local conditions. Th 
Galloway it was necessary to distribute the plant in five separate 
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power-stations with their ancillary hydraulic works, instead of con- 
centrating all the plant in one station. The cost per kilowatt of 
the plant itself depends largely on the speed at which the sets run, 
-and therefore varies within wide limits according to the head of 
water available. Table XVI gives the cost per kilowatt installed in 
‘each of the five Galloway stations. The figures include the turbo- 
alternators with their accessories, namely draught-tubes, governors, 
“compressors, oiling and cooling systems, and also the main stop- 
valves or gates and the station cranes ; they do not include buildings, 
‘switchgear and wiring, penstocks and surge-towers. 

_ The cost of the whole Development as now in service, including 
hydraulic works, plant, 11,000-volt transmission-lines, land and all 
expenses, works out at £28-3 per kilowatt of power available. 


-‘Taprs XVI.—Cost AND PARTICULARS OF GENERATING PLANT, MAIN 
rt Srop-VALVES AND CRANES. 


Earlstoun 
Tongland. Glenlee. and Kendoon. 
Carsfad. 
106 380 67/65 150 
214-3 428-6 214-3 250 
11,000 12,000 6,000 10,500 
33,250 25,000 24,000 21,000 
4-1 2°8 5:5 4:0 


Cost of Operation.—The full scheme has not been working suffi- 
siently long to provide figures for the cost of operation which would 
be applicable over an extended period. The results up to the present, 


“however, indicate that the cost will be lower than the estimates on 
which the scheme was based. 


GENERAL. 


4 The scheme was completed in time to fulfil the promise of providing 
peak-load in the autumn of 1936, a result which should be a matter 
of satisfaction to all concerned in view of the diverse and scattered 
nature of the works, the number of different contractors involved, 
“the necessity in many cases of having several contractors at work 
simultaneously on a restricted site, and the fact that the construction 
extended over three winters when outside work was at the mercy of 

e weather; all these conditions necessitated close collaboration 
een the consulting engineers in directing the work and cordial 


peration among the contractors in carrying it out. 
a 
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The main Contractors for the mechanical and electrical plant dealt 
with in this Paper were :— 


The English Electric Co., Ltd. Turbo-alternator sets. Switchgear and aux- - 
iliary plant (except Kendoon high-tension | 


switchgear). 
A. Reyrolle and Co., Ltd. . Kendoon high-tension switchgear. 
Glenfield and Kennedy, Ltd. Stop-valves and anti-vacuum valves at Tong- - 
land. 
Clyde Crane and Engineering Overhead electric travelling cranes for Tongland | 
Co., Ltd. and Glenlee. 


Sir William Arrol and Co., Ltd. Overhead electric travelling cranes for Earls - 
toun, Carsfad, and Kendoon. 


W. T. Glover and Co., Ltd. . Overhead lines. : 


The Consulting Engineers were Sir Alexander Gibb and Partners | 
for the hydraulic works and Messrs. Merz and McLellan for the | 
mechanical and electrical plant. The Resident Engineers for Messrs. | 
Merz and McLellan were Mr. John Warnock, M.C., Assoc. M. 
Inst. C.E., on the first part of the scheme (Tongland and Glenlee) 
and Mr. William S. Gedye on the second part. 

Both the Authors, as Engineers on the staff of Messrs. Merz and 
McLellan, were associated with the work from the inception of the - 
Scheme until the first stations were put to work in the autumn of ' 
1934, when Mr. Williams was appointed Manager of the Company. 

The Authors desire to express their thanks to the Galloway Wa 
Power Company and the Central Electricity Board for permission 
publish the information given in the Paper. : 

The Paper is accompanied by fourteen sheets of tracings and thre 
photographs, from which Plate 3, the Figures in the text, and t 
half-tone page plate have been prepared. 
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INTRODUCTION. 


The Galloway district forms part of the area contained in the South 
otland Electricity Scheme of the Central Electricity Board, and the 
development of water-power in Galloway forms an essential part of 
that Scheme. The development of the water-power made possible 
- the general supply of electricity to the farming districts of Kirk- 
eudbrightshire and Wigtownshire. 

_ The South Scotland Electricity Scheme covers an area of about 
4,308 square miles, and the population in*1921 was under 256,000, 
| the average density being only 59 persons per square mile ; most 
of the area is moorland and forest land. It was decided when 
examining the South Scotland Electricity Scheme in relation to the 
evelopment of water-power in Galloway that, after allowing for a 
neral supply of electricity for local requirements, the bulk of the 
output from the Galloway scheme should be exported, half to Central 
Scotland and half to North-West England. 
_ The industrial nature of Central Scotland and of North-West 
England as compared with South Scotland is shown by the following 
F gures. The Central Scotland Scheme has an area of 4,980 square 
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iles, and the population in 1921 was over 3,700,000, the average 
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density being over 740 persons per square mile; the North-West 
England Scheme has an area of 9,082 square miles, and the population — 
in 1921 was over 6,980,000, the average density being about 770 
persons per square mile. 
The amount of water available for utilization in Galloway was | 
estimated to be sufficient to provide about 180 million electrical units 
per annum, and an examination of the cost of the necessary storage: 
works showed that the design of the scheme would be most economical 
if it were assumed that the majority of the electricity would be used 
during the winter months. The scheme was designed for an installed — 
plant-capacity of 102,000 kilowatts, and the corresponding annua 
load-factor was therefore of thé order of 20 per cent. It may be 
mentioned that the present electrical requirements of Contral 
Scotland and of North-West England together amount to about 
4,700 million electrical units per annum, with a maximum load of 
the order of 1,580,000 kilowatts. 
The capital expenditure by the Central Electricity Board on the 
equipment used for the interconnexion of the Galloway scheme — 
with the 132-kilovolt transmission-systems of Central Scotland 
and of North-West England was estimated to be about £346,000, © 
out of a total capital expenditure on the South Scotland Scheme of 
£869,000. 
The essential problem was to transmit a load approaching 50,000 
kilowatts from Galloway to the industrial area on the Clyde, and at 
the same time to transmit a further 50,000 kilowatts to the industrial 
area on the Mersey. It was decided that so far as possible the equip- _ 
ment forming this interconnexion should be of the standard design - 
which had been developed for the 132-kilovolt transmission-system 
of the Central Electricity Board, and should consist, if possible, of a_ 
single-circuit line between Kilmarnock, the most southerly of the } 
substations in Central Scotland, and Carlisle, the most northerly 
of the substations in North-West England, that transmission-line- 
having been envisaged before the Galloway scheme was adopted. 
Fig. 45 shows the relation between the Galloway scheme, the Clyde, 
and the Mersey, and shows the route finally chosen for the inter 
connecting transmission-line. ; 
The equipment consists of a single-circuit 132-kilovolt line having 
a total length of 121 miles, and step-up transforming substations” 
placed adjacent to the hydro-electric generating stations. The 
132-kilovolt switchgear controlling these transforming stations has 
been concentrated at sites adjacent to three of the five hydro-electric 
generating stations, as this gave the most economical arrangement of 
plant. ig. 46 (p. 410) shows the arrangement of this equipment. 
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Fig. 45. 
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Mernop or OBTAINING LoaD-TRANSFER FROM GALLOWAY 
To CENTRAL SCOTLAND AND TO. Norta-West ENGLAND. 


The 132-kilovolt transmission-system of the Central Electricity 
Board was designed on the principle of interconnexion between 
| existing generating stations rather than on the principle of long- 
‘stance transmission. It was estimated that only about 20 per 
sent. of the electricity generated in the country by authorized under- 
- takings would be carried over the transmission-lines, and the remain- 
ing 80 per cent. of the output would be sent directly from the 
generating stations to local distribution-systems. It has been found 


reasing load on the whole system and partly because extensions 


hat many of the transmission-lines are more heavily loaded now 
n in the earlier years of operation, partly owing to the steadily- 
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of generating plant no longer have to be built as near to the centres 
of distribution-systems as they were before the Grid was established. 
The capacity of the 132-kilovolt single-circuit transmission-line was 
_ considered to be of the order of 50,000 kilowatts on the assumption 
_ that the length of the line would not exceed 50 miles, and this capacity 
was governed by considerations of voltage-regulation. 
___ It was, however, foreseen that the Grid would open up new possi- 
_ bilities of utilizing water-power schemes, and the capacity of the 
~ ¢ransmission-lines would have to be examined in each instance. The 
simplest and cheapest method of connecting the Galloway scheme 
_ with the existing 132-kilovolt lines in Central Scotland and in North- 
_ West England was by means of a single-circuit line between Kil- 
_-marnock and Carlisle. The length of the equivalent single-circuit 
_ 182-kilovolt line from the Galloway generating stations to the 
receiving substations in Central Scotland is about 80 miles, and that 
__ to the receiving stations in North-West England is about 160 miles. 
The standard design of single-circuit 132-kilovolt transmission- 
_ line adopted by the Central Electricity Board has the following 
ee electrical characteristics: a resistance of 0-25 ohm, a reactance of 
_ 0-67 ohm, and a charging current of 0:33 ampere per mile per phase 
at 132 kilovolts and 50 cycles. The 132-kilovolt transformers of the 
| standard design adopted by the Central Electricity Board have an 
= impedance of about 10 per cent., and are fitted with on-load tap- 
_ changing gear which enables the ratio of transformation to be varied 
between the limits of + 10 per cent. It is of interest to note that a 
 30,000-kilovolt-ampere transformer has an impedance-voltage of 7-6 
kilovolts when operating at its full load of 132 amperes ; the imped- 
ance per phase is therefore 57:5 ohms, which is equivalent to that of 
82 miles of single-circuit transmission-line. 
The full-load voltage-drop in the 132-kilovolt transformers at a 
__ power-factor of 95 per cent. is of the order of 3 per cent., and allowing 
for transmitting and receiving transformers the total voltage-drop 
_ through the transformers should not exceed 6 per cent. As the on- 
load tap-changing gear allows the ratio of transformation to be 
~ varied by 20 per cent., the voltage-drop for the transmission-lines 
should not exceed 14 per cent. 
Before considering the actual problem of voltage-drop over the 
 tzansmission-lines, it should be remembered that the charging current 
of the lines amounts to 75 kilovars per mile at 132 kilovolts, and it 
can be assumed without appreciable error that this charging current 
is concentrated at the two ends of the line under consideration. 
Under full-load conditions, when the demand for reactive kilovolt- 
~ amperes is high, this charging current is an advantage because it 
has the effect of reducing the reactive kilovolt-amperes which have to 
ve 
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be transmitted. The magnetizing current of the transform 
x however, tends to offset the charging current of the line, and in th 
~ parts of the Grid where the transforming stations are close together 
and where large 132-kilovolt transformers are installed the magnetiz- 
ing current is about equal to the charging current. On longer leng hs 
of line, such as those connecting the Galloway scheme with the 
Central Scotland and with the North-West England Schemes, the _ 
magnetizing current is about one-fifth of the line-charging current. | 
The general requirement, therefore, is to find within what limits of 


Taste XVII. 
Example. 1 2 3 : 
Distance: miles. . 160 80 160 
Kilovolts at sending 
Cit ee eee 140 140 140 
Amperes at sending 
ender akl tor. 235 235 117-5 
Kilovolt-amperes at 
sendingend . . 57,000 57,000 28,500 
Power-factor at send- 
ing end: per cent . 99-3 93-5 93-5 
Kilowatts sent out . 56,600 53,300 26,650 
; TOste eon 6,600 3,300 1,650 
a received . 50,000 50,000 25,000 
Kilovars sent out. . 6,700 20,200 10,100 
3» lost Sh 17,600 8,800 4,400 
» received . | —10,900 11,400 5,700 
Kilovolt-amperes re- 
ceived .°. . . 51,120 51,270 25,630 
Kilovolts at receiving 
Bre re 8 125-6 125-9 125-9 
Kilovolt-amperes lost 5,880 5,730 2,870 
Voltage-drop: per 
Cee 10:3 10-1 10-1 
Power-factor at re- 
ceiving end: per 
CO aS See Pee ; ahh 97-5 97-5 
eading. lagging. lagging. lagging 
Efficiency : per cent.. 90 3 “95 : °05 ; 
ern 


ra 7 ir 
power-factor 50,000-kilowatt loads can be transmitted, and to estab- 
~ lish definite relationships between the regulation of the line and the 
load transmitted. Table XVII gives four examples of the trans- 
mission of load over distances of 80 and 160 miles of equivalent 
single-circuit 132-kilovolt line. ia 
_ Example 1 of Table XVII shows the regulation for the recept: 
of 50,000 kilowatts of load at a leadi g power-factor of 97-8 per ce 
when transmitted over a distance of 160 miles, Examples 2 an 
show that if the power-factor of reception is altered from 97-8 
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_ cent. leading to 97-5 per cent. lagging, then for the same voltage-drop 
either the load or the distance of transmission must be halved. 
__ Example 4 shows the effect of receiving a load of 50,000 kilowatts at 
a power-factor of 99-9 per cent. lagging when transmitted over a 
_ distance of 160 miles, and this can be taken as approaching the limit 
_ to which transmission over the single-circuit 132-kilovolt line can 
- conveniently be carried. The Author is indebted to his friend, 
_ Mr.-C. G. Carrothers, for the method of calculating and setting-out 
the above results, and for a simple method of analysis of regulation- 
_ problems which is given in the Appendix (p. 421). 

_ The above results show the extent to which it is possible to transmit 
loads over single-circuit 132-kilovolt transmission-lines. In any 
specific instance there are other operating conditions which may 
affect the voltages both of the sending and of the receiving stations. 
Tt is assumed that the normal operating condition would be for the 
- Galloway stations to be connected in parallel both with Central 
- Scotland and with North-West England, and the operating voltages 
_ of the Grid lines in Central Scotland, for instance, are affected by the 
import of load from the hydro-electric generating stations in the 
Grampians. It is fortunate that in an interconnected system the 
power-factor of load-transmission adjusts itself to comply with the 
‘conditions of voltage maintained at the ends of the transmission- 
‘lines. If the transmission-line from Galloway to Central Scotland or 
to North-West England should be out of service, there is less restric- 
tion on the transmitting voltage of the remaining line, and some 
-4ncrease in the load which can be transmitted is then possible. The 
_transmission-lines, therefore, act as a partial standby to each other in 
_ providing an outlet for the power generated in the Galloway hydro- 
- electric station. The limiting feature may then be the current- 
density in the conductors rather than the voltage-regulation. 

_ he conclusion was reached that a 132-kilovolt single-circuit 
 transmission-line of the standard construction of the Central Elec- 
_ tricity Board could deal with the transfer of the loads from the 
Galloway scheme if reasonable use were made of the facilities for 
- control given by the standard range of 132-kilovolt transformer tap- 
_ changing gear adopted by the Central Electricity Board, and a high 
| power-factor of transmission were maintained by generating reactive 
_ kilovolt-amperes in suitable proportions at the various generating 
stations. It was decided to give the control engineer in Central 
4 Scotland a continuous indication of the output of some and of all 
_ the generating stations of the Galloway scheme, and of the proportion 
of the output transmitted to Central Scotland and to North-West 
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Tue EQuipMENT OF THE CENTRAL ELEotriciry BOARD FORM 
THE INTERCONNEXION BETWEEN THE GALLOWAY SOHE: 
CENTRAL SCOTLAND, AND Nortu-WeEst. ENGLAND. 2 


The design of the 132-kilovolt transmission-system of the Central _ 
Scotland Electricity Scheme was described by the Author in 19 
That Scheme, which was the first of the regional schemes of the — 
Central Electricity Board, was adopted in 1927. The South Scotlar dq 
Scheme, which was the last of their regional schemes, was adopted 
in 1931, and the Author proposes to refer only to the changes in the 
design of the equipment during this intervening period, and to 
describe any special designs called for by the particular requirements 
of the South Scotland Scheme. 

The general layout of the single-circuit 132-kilovolt transmission- 
line between Kilmarnock and Carlisle was chosen to avoid double- 
circuit lines leading to any individual generating station of the 
Galloway scheme. It was considered that it would be unwise to allow — 
the possibility of any mechanical damage to one double-circuit tower 
interrupting the complete output of any of the generating stations. — 
It must be admitted that the double-circuit sections from Kendoo n ‘ 
to the Carsfad station and from Glenlee to the Earlstoun station de 
not fulfil this requirement, but in view of the saving in capital expen- 
diture by the use of these double-circuit lines, and in view of the 
relatively small output of the stations at Carsfad and Earlstoun, it 
was decided in this instance to adopt this method of construction. —__ 

There were no major modifications in design of the 182-kilovolt 
transmission-lines during the period under review, but the following _ 
small variations in design may be of interest. The design of bolted 
clamp used to connect the line-conductor to the tension-insulator 
sets is of the snail type in South Scotland, as compared with the 
parallel-plated bolted type in Central Scotland. The route of the 
transmission-lines in South Scotland was largely in rocky and ston: y 
ground, and for this reason the concrete-ball type of tower-foundation 
(in which the cavity in the ground was formed by exploding a charge 
of dynamite) and the carth-grillage type of foundation were not used, 


1« The 132-kilovolt Transmission-System of the Central Scotland Elect 
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| 22 for the line-conductor, were increased by 20 per cent. where the 
line is more than 700 feet above sea-level. 

_ The layout of 132-kilovolt switchgear had developed during the 
“period under review, and in general the mesh-connected system was 
adopted. The low type of concrete structure was used, and Fig. 46 
_(p. 410) indicates the various types of substation between Kilmarnock 
| and Carlisle. There is a one-switch substation at Dumfries which can 
_be extended in the future to a three-switch substation. Tongland, 
‘Glenlee, and Kendoon are three-switch substations, and Kilmarnock 
is a three-switch substation which has already been extended to a 
_ five-switch substation. 

_ Tongland switchgear is of special design, and is the only example 
_of completely metal-enclosed 132-kilovolt switchgear in Great Britain. 
The connexions between the terminal towers and the line-isolators 
/and between the transformer-isolators and the windings of the 
transformers are by means of oil-filled 132-kilovolt cable. The 
isolators adjacent to the circuit-breakers are of the vertical piston 
| type, in which the inner insulated conductor forms a piston sliding 
axially within a cylinder filled with insulating oil. 

_ The design of 132-kilovolt switchgear was improved during the 
“period under review, largely due to the results of tests at short- 
circuit testing stations, and the plain explosion-pot design of circuit- 
“breaker was superseded by oil-blast pots in which are-control devices 
are incorporated. Tests show that the time taken to interrupt the 
are at the rated short-circuit of 1,500,000 kilovolt-amperes is from 
12 to 14 cycles with the plain explosion-pot, but only about 6 cycles 
with the oil-blast pot. The operating mechanisms were also designed 
to obtain more rapid operation. 

_ The grouping of the 132-kilovolt switchgear at substations adjacent 
' to three of the five hydro-electric generating stations was not allowed 
0 affect the position of the 132-kilovolt transformers which are 
placed adjacent to each of the generating stations. It was decided, 
however, to reduce the amount of standby transformer-capacity at 
- Glenlee, Earlstoun, Carsfad, and Kendoon, in view of the relatively 
small size of the generating stations. This was possible because an 
 11-kilovolt transmission-line was provided by the Galloway Power 
- Company to give a general supply of electricity for local requirements, 


_ particularly during the times when the generating stations are shut 
down. — 

In Central Scotland, 10,000 kilovolt-amperes was the smallest size 
132-kilovolt transformer supplied, but in South Scotland 3,000- 


anging gear of transformers of a smaller size than 10,000 kilovolt- 
peres forms part of the low-voltage winding instead of the 132- 
io 


ovolt-ampere transformers were required. The on-load tap- . 
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kilovolt winding. The 3,000-kilovolt-ampere transformer at Gl n ¢ 
was protected by carbon-tetrachloride glass-enclosed fuses, which — 
were the first 132-kilovolt fuses to be used in Great Britain. ; 
The 30,000-kilovolt-ampere transformers at Tongland are of no ne 
resonating design, in which the 132-kilovolt windings are shielded to 
form an alternative path for charging currents. The graded shields — 
are connected to the line end of the 132-kilovolt windings to make the 
distribution of voltage under impulse conditions as uniform as under — 
the normal 50-cycle conditions. These transformers were designed — 
for an impulse-test of 700 kilovolts, and an induced-voltage test of 
280 kilovolts at 50 cycles. The practice of not installing lightning — 
arresters on the 132-kilovolt lines was continued, but the magnitude — 
of surges which may reach the Grid transformers has now been 
controlled by fitting adjustable co-ordinating gaps, the horns of — 
which have been set at 28 inches apart. 
The subsidiary equipment was very similar to that used in Central _ 
Scotland. Similar oil-filtering plant and storage-plant was provided 
for each of the three-switch substations, but oil-storage plant only 
was provided at Dumfries. A portable oil-filtering plant is available — 
for this substation, and for the transformer equipments at Carsfad _ 
and at Earlstoun. The system of metering equipment was similar — 
to that used in Central Scotland. Impedance protective gear was — 
used for long sections of the 132-kilovolt transmission-lines, but at 
Glenlee and at Kendoon, where only one transformer is installed, — 
the potential-reference for the impedance-relays has been obtained — 
by three single-phase non-resonating type 132-kilovolt potential-_ 
transformers connected direct to the lines. A fourth single-phase 
potential-transformer was provided at these sub-stations on the other 
incoming line to enable the 132-kilovolt section switch to be used. 
for synchronizing the Central Scotland system with the North-West 
England system. 
A telephone- and pilot-cable was suspended on a catenary wire 
from the 11-kilovolt wood-pole transmission-line of the Galloway 
Power Company between Glenlee and Kendoon, and this is used 
jointly by the Galloway Power Company and the Central Electricity 
Board. Special cores were provided in this cable for an opposed-_ 
voltage type of protective gear for the section of 132-kilovolt line 
which runs direct from Glenlee to Kendoon. Additional cores are 
used for the restricted-earth-leakage protective gear which covers the 
132-kilovolt windings of the Earlstoun and Carsfad transformers and 
the 132-kilovolt spur lines between Glenlee and Harlstoun and 
between Kendoon and Carsfad. Negative-phase-sequence protective 
gear had to be provided at the substations adjacent to the one-switch 
substation at Dumfries to ensure the clearance of any fault in the 
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transformers at Dumfries, and, in addition, intertripping circuits 
have been provided which make use of the supervisory-control 
_ equipment for the transmission of the necessary signals. 
~ It was decided that the central indicating and load-dispatching 
_ station installed in Glasgow for the Central Scotland Scheme should 
be extended to deal with the South Scotland Scheme, but the distance 
~ of Galloway from the Post Office trunk lines made it necessary to 
_ design the equipment on the tandem system instead of on the more 
- general radial system. Advantage was taken of the underground 
trunk line of the Post Office between Glasgow, Dumfries, Carlisle and 
_ Manchester to use a special four-wire circuit designed for particularly 
low losses ; this is a repeater circuit, and voice-frequency equipment 
had to be used. The circuit between Glasgow and Dumfries gives 
the usual facilities for speech between the central indicating station 
- and the various substations and hydro-electric generating stations, 
and for the usual switch and tap-changing gear position-indications 
from the various switching and transforming stations. The pilot 
- cable of the Galloway Power Company has been used for speech and 
~ other indications between Glenlee, Earlstoun, Carsfad and Kendoon. 
_ The special circuit in the Carlisle-Manchester cable of the Post 
~ Office, referred to above, is also used to give a continuous indication 
_ at the central indicating stations in Glasgow and Manchester of the 
kilowatts and kilovars transferred from the Galloway scheme to 
North-West England, and a system of continuous metering indica- 
tion of the output of the Galloway scheme and of the way in which 
this output is transferred to Central Scotland and to North-West 
England is provided at the central indicating station in Glasgow. 
_ Asystem of photo-telemetering was developed to give these remote 
indications. At the originating end it consists of an optical system to 
convert the readings of the indicating kilowatt- and kilovar-meters 
into impulses of voice-frequency currents, which are then trans- 
mitted over the Post Office circuits. At the receiving end the 
impulses are modified and passed into moving-coil instruments which 
are scaled to give similar readings to those at the originating end of 
“the line. It is important that the transmission of these readings 
~ should be accurate, and the system does not depend on the magnitude 
‘of the voice-frequency impulses, but on their relative durations: the 
transmission is therefore independent of variations in the charac- 
teristics of the telephone-circuit. Bf 
_ An analysis of the cost of the equipment of the Central Electricity 
‘Board in South Scotland is given in Table XVIII (p. 418). The 


he equipment in Central Scotland.t 


1 Loc. cit. 


unit costs of the equipment are very similar indeed to those for .- Sp 
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TABLE XVIII.—Anatysis oF Cost oF CENTRAL ExeEctRiciry BoarpD 


EQUIPMENT. 
132-kilovolt transmission-line . . . . £1,530 per circuit-mile. 
2-kilovolt ipment :— ; 
a Heumidhatorio? woe ew ee ee) «6£6,200 per three-switch sub-i 
station. 
Switchgear . . . . . . . . £6,220 per switch for three- 


switch substations. 
Transformers: 3,000 kilovolt-amperes. £0-885 per kilovolt-ampere 


capacity. 
15,000 2 . £0500 per  kilovolt-ampere: 
capacity. : 
30,000 » . £0:32 per  kilovolt-ampere 
capacity. ; 
11-kilovolt and other equipment :— 
Main cable-connexions and 11-kilovolt ; 
switchgear . . . . . . + + £6,270 per three-switch sub- 
station. 
Metering, remote-indicating and other ; 
incidentalequipment . . . . . £4,900 per three-switch sub- 
station. 


The South Scotland Electricity Scheme was adopted in Augustt 
1931, and special steps were taken to accelerate the construction of! 
the 132-kilovolt transmission-line from Kilmarnock to Glenlee and} 
to Tongland, to make electricity available for the contractors of the: 
Galloway Power Company. This supply was given at Glenlee in: 
July 1932 and at Tongland in October 1932. A public supply was: 
available for the Kirkcudbright County Council at the end of Decem-- 
ber 1932. The interconnexion with North-West England at Carlisle: 
was completed in March 1933. The 132-kilovolt fuse and 3,000-. 
kilovolt-ampere transformer equipment was transferred from @lenl 
and installed at a direct tapping from the 132-kilovolt line at Dru 
john in August 1934 to make electricity available to the contractors. 
of the Galloway Power Company in the neighbourhood of loch Doon. 
The permanent transformer-equipments at Glenlee and at nore 
were put into service in the autumn of 1934, and the transforme 


equipments at Earlstoun, Carsfad and Kendoon in the autumn ot 
1936. 5 


5 
During the operation of the scheme there have been no major 


troubles on the electrical equipment of the transmission-system. 
There were, however, some troubles due to snow deposits on the. 
132-kilovolt line during the blizzard of February 1933; there have 
also been some faults due to lightning, which appears to be rather 
prevalent in the Galloway district. ’ 
The main 132-kilovolt interconnecting equipment was manufac- 
tured and erected by the following Contractors: transmission-lines 
by Messrs. British Insulated Cables Ltd. ; metal-enclosed switchgear 
by Messrs. Reyrolle & Co. Ltd.; open-type switchgear by Messrs, 


The British Thomson-Houston Co., Ltd. ; 30,000-kilovolt-ampere 


station if it is operated as a peak-load station with an annual load- 
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non-resonating transformers by Messrs. The British Thomson- 
Houston Co., Ltd. ; 15,000-kilovolt-ampere transformers by Messrs. 
Bruce Peebles & Co., Ltd. ; and 3,000-kilovolt-ampere transformers 
by Messrs. Metropolitan-Vickers Electrical Co., Ltd. 


GENERAL CONSIDERATIONS. 


- The average annual load-factor of generation in Great Britain is 
of the order of 34 per cent., and the Galloway hydro-electric scheme 
with an average annual load-factor of 20 per cent. comes into the 
eategory of peak-load plant. It is natural to compare the cost of 
generation of electricity by such peak-load plant with the cost of 
generation by the most modern steam generating stations, par- 
ticularly if the cost of coal continues to rise. 
_ Existing steam generating stations in Great Britain have not been 
designed specially to deal with peak loads, but at the present time 
he total generating cost of electricity from a modern steam generating 
‘station, designed to deal with the general supply of electricity, 
amounts to about 0.2d. per unit sent out when operated as a base- 
sad station with an annual load-factor of the order of 60 per cent. 
This cost is increased to about 0-425d. per unit for the same generating 


factor of 20 per cent. 


wu 


“It is found that the total capital charges and working costs of the 
talloway hydro-electric scheme are a little under £240,000 per annum, 
hich with an output of 180 million units per annum corresponds to 
total cost of generation of electricity of 0:32d. per unit. It will be 
‘seen therefore that, without making any allowance for spare plant or 
for the cost of any additional interconnecting equipment, the actual 
total generating cost of electricity from the Galloway scheme is about 
5 per cent. of the equivalent cost from the most modern steam 
generating stations. This comparison is only valid if water is avail- 
able to operate the hydro-electric plant to its maximum capacity at 
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e times of peak load on the system. | 
- The Author suggests that a re-examination of water-power 
‘resources to establish the estimated cost of the generation of electri- 
city at various load-factors would be of value to enable a comparison 

be made with the cost of generation from steam stations. The 
ability of the single-circuit 132-kilovolt transmission-lines of 
Central Electricity Board to deal with the transmission over long 
ances of loads of the order of 50,000 kilowatts has been demon- 
ted, and it should be pointed out that the capacity of the existing 
nsmission-lines could be increased if it were found to be necessary = 
installation of synchronous condensers at suitable positions. 
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The Paper is accompanied by two sheets of drawings, from which 
the Figures in the text have been prepared, and by the following 
Appendix. 
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APPENDIX. 


TRANSMISSION OVER 132-KiLovoLtt LINES. 


The figures given in Table XVII (p. 412) apply to a line without capacity. 

The effect of the line-capacity on the transmission can be obtained with sufficient 

accuracy by replacing the total distributed capacity by a condenser of half that 
eapacity at each end of the line. 

"The figures given in example 4 of Table XVII, for instance, can be adjusted 

| to take account of capacity as follows. The charging current per mile is 75 
-kilovolt-amperes at 132 kilovolts. A condenser with a charging current equal 
to that of 80 miles of line (6,000 kilovolt-amperes at 132 kilovolts) should be 

' considered as connected at each end. The charging kilovars vary with the 

square of the voltage. Then :— 

Kilovars sent out (from Table XVII, example 4) = 19,900 ; 

___ Kilovars contributed by half line-capacity at sending-end voltage of 147-5 

nz kilovolts = 7,490 ; 

a hence difference to be delivered to line by transformers at sending end 

ae = 12,410 kilovars. 

The power-factor at the sending end is improved from 94-4 per cent. (Table 

XVII, example 4) to 97-6 per cent. lagging. 
Kilovars received (from Table XVII, example 4) = 2,300 ; 
kilovars contributed by half line-capacity at receiving-end voltage of 123 


kilovolts = 5,100 ; 
hence total delivered from line to transformers at receiving end = 7,400 


kilovars. 
The power-factor of total load delivered from line to receiving end is reduced 


from 99-9 per cent. (Table XVII, example 4) to 99-0 per cent. lagging. 


# The capacity of the line is thus seen to make an appreciable contribution to the 
_ received current. 
Strictly speaking, the line with distributed capacity should be replaced by a 
rE line with a reduced impedance and an increased capacity. ‘The amounts of the 
2 adjustments are small, as shown by the following examples. 


Corrections for distributed capacity. 


Reduction in im- Phase-shift of im- Increase in 
pedance: per cent. pedance: degrees. capacity : per cent. 


5 +0-13 0-2 


1:8 +0-42 0-97 
4-2 +0-94 2-2 


— ___ Length of 
- _ 182-kilovolt line: 
a miles. 


The percentage- 
vhich have to be made, up to lengths of 200 miles. ee 
e replacement of the distributed capacity by condensers at the ends of the 


corrections are well within the errors in other assumptions ~ 
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line allows the current to be considered as constant from end to end of the line.» 
On this assumption the voltages at the sending end and receiving end are exactly 
proportional to the kilovolt-amperes at the sending end and the receiving end. 

To calculate the change in kilovolt-amperes from end to end of the line, the 
power losses J? and reactive losses J*X are subtracted from the power and 
reactive loads respectively at the sending end. 

The formula for receiving-end 3-phase star voltage VR with a sending-end 
star voltage Vg and current J at power-factor cos ¢ is usually written 


Vr = V (Vs cos ¢ — RI)? + (Vg sin 6 — X1)% 


The method of calculation by losses amounts to multiplying and a 
both sides of the equation by 31, and obtaining 


3 Ls - ,/8% I cos 6 — 3RI?)? e (8Vg I sind — sx. 


In this rs om the first pair of oe under the root contains the total 
power sent out, 3Vg I cos ¢, reduced by 3RJ?, the total power-losses in the three 
phases. The second pair of brackets under the root contains the total reactive 
load sent out, 3Vg I sin 4, reduced by 3XJ?, the total reactive losses in the three } 
phases. By obtaining the relationship Se eee the sending and receiving volt- - 


ages in this way, the phase-swing and line-losses are derived in the process of 
making the calculation. 
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Discussion. 


Mr. J. K. Hunter exhibited a number of lantern-slides illustrating Mr. Hunter. 
@ Papers ; models of two of the power-stations and of the complete 

aristoun works were also shown. 

Mr. F. H. Wiis exhibited a cinematograph film illustrating Mr. Williams. 
e construction and operation of the works, the behaviour of some 

the hydraulic structures and equipment under flood-conditions, 

id the working of the fish-passes. 

The PresipENt congratulated the Authors on the most compre- The President, 
msive and interesting set of Papers that they had presented. The ; 
heme was one which was economically possible only because of 

te Central Electricity Board’s Grid, and only if used for peak-load 

arposes. In discussing the question of peak-load stations, it should 

s borne in mind that the operating costs of a peak-load station 

Id be higher than those of an ordinary station provided that the 

ipital charges were correspondingly lower. 

‘He would mention that the line-faults due to lightning referred to 

| pp. 400 and 418 had been only on the 11-kilovolt lines belonging 

the Galloway Power Company, and the 132-kilovolt lines of the 

entral Electricity Board did not suffer in that way. 

Messrs. Hawthorne and Williams stated on p. 405 that the overall 

t was £28°3 per kilowatt of power available. It would be seen 

om p. 392, however, that the scheme frequently delivered slightly 

ore than the nominal output of the installed plant. It was an 

eresting economic point that a station or group of stations of the 

d in question could be worked to its full installed capacity, 

ring in mind that the stations were working only at about 20 per 
load-factor, the diversity bemg between summer and winter. 

scheme was the only system of that type working in Great 

in. 

Mountain stated that the total generating costs of the Galloway 

me were less than would be possible with standard steam 
enerating stations. That was, of course, perfectly true, but it would 

fair to add that a specially-constructed steam peak-load station 

suld work at a total cost equal to or possibly even lower than that 

fthe Galloway scheme. He agreed with Mr. Mountain’s suggestion 

a fresh examination should be made of all possible water-power 
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developments in Great“Britain, in order to compare the to 
of generation by hydro-electric and steam plants, including 
costs, working costs, and, in the former case, transmission 
Such a survey would be of particular value now that the costs 
fuel and labour were continually increasing. = 

The Right Hon. Lord Meson expressed his warm apprec at: 
of the compliment that The Institution had paid him by inviti 
him to join in the Discussion. He accepted that courtesy mainly 
order to offer a respectful tribute on the part of himself and h 
colleagues on the directorate of the Galloway Water Power Co: 
pany to the skill, the resource, the patience and the courage of tlt 
engineers who had contributed to the construction and completi d 
of the fine work described in the Papers. i. 

That work took advantage of two great drainage-systems an 
provided energy for the industries of the country from Glasgow 
the north down to Carlisle in the south, without in any appreciabl 
degree affecting the amenities of a beautiful and unspoilt part © 
the country. The dams, with their graceful curves, fitted almo 
harmoniously in with the folds and contours of the surrounding hill 
' The power-houses, originally a little grim, were adapting thems 
slowly but surely to the landscape, and even the surge-towers, 
were the most intractable of all the buildings from that point of vier 
were gradually merging into the picture. If any captious observ« 
were to criticize the engineers for any shortcomings of their work i 
that respect, it should in fairness be pointed out that that we 
far more than counterbalanced by the new beauty which the 
had introduced into the countryside. They had enriched the lan 
with a whole series of new lakes, which in their beauty, the 
size, and the variety of their shape and their surroundings, we) 
a striking addition to the beauty and attractiveness of the land « 
Galloway. . | 

As an outside observer, he had been very vividly impressed 
two special problems which the engineers had taken in their stride 
firstly, the geology of the country, and, secondly, the fish of 1 
waters. Most engineers would be familiar enough with bad roc 
and with tricky foundations, but if they wanted to know ho 
deceptive appearances might be they should go to Galloway an 
see for themselves. A bank of apparently beautiful granite. 
and solid, would seem to be an ideal foundation, but, as often as 1 
when excavation was begun it would prove to be simply a 
overlying a whole stratum of shattered rock and debris, little 
than loose rubble. One Paper described how disastrous tha’ 
have been at Tongland; the same trouble, however, was ) 
rising up against the engineers at almost every point, and mu 
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ve added enormously to their anxiety, as it did to the difficulty Lord Meston.. 
d the costliness of the work. ~ 
The problem of satisfying the requirements of the fishing interests 
d called forth another quality in the engineers concerned, that of 
plomacy. It had required all their diplomacy to reconcile the 
sidents and the neighbourhood generally to the future of the 
mon, and to reconcile the salmon to the arrangements made for 
em; but, as would have been seen from the film that had been 
own, that had been successfully achieved. 
He would like to add a word of personal memory and tribute, to 
y how immensely all who knew him had admired and how deeply 
ey all lamented the late Colonel McLellan, whose initiative, 
triotism and almost prophetic foresight had been so largely 
sponsible for the work described. Colonel McLellan gave some 
ithe best years of his later life to the task of imagining, conceiving, 
d directing the construction of the great work; his friends 
d decided to put up a small commemorative plaque on the wall 
‘the Tongland power-station, but the whole scheme was his 
onument and would keep him fresh for ever in the memory of his 
ends. 
Mr. W. J. E. Biynie, Vice-President, observed that Messrs. Hudson Mr, Binnie 
id Hunter, dealing with the question of flood-discharge, stated on p. 
7 that a discharge of 21,800 cubic feet per second had been recorded. 
Earlstoun, which was larger than that obtained from the curve 
r normal maximum floods recommended by the Institution Com- 
iétee on Floods in Relation to Reservoir Practice.1 He would like 
‘say a word about that Committee. It had been set up under his 
ai manship, shortly after the passage of the Reservoirs (Safety) 
ot, to investigate the possible intensity of floods in Great Britain, as 
of the chief causes of failure of reservoirs in the past had been the 
ficient allowance which had been made for the disposal of flood- 
er, and as there was considerable divergence of opinion among 
ineers as to what intensity should be allowed under different 
ditions. The total flood mentioned on p. 327, including the 
mtity which was being diverted to loch Doon, had been 22,300 
ecs, which was 14 per cent. more than that which was given 
the curve attached to the Report of the Committee. That 
e was, of course, supposed to deal with normal maximum 
90ds, and allowance had to be made for the particular con- 
tions which applied in any one place. The flood-discharge, for 
ance, would obviously be more rapid and would produce a 
igher peak if the inclination of the ground were very steep. The 


1 Footnote (1), p. 330. 
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-general criticism levelled at the Report, however, had 
discharges estimated from that curve were too high, so 
authorities were being put to unnecessary expense in putti 
‘house in order, now that the Report had been adopted | 
engineers when reporting to their clients under the recent leg 
He was very glad, therefore, to find in the present case a dischi 
which exceeded that given by the curve. He took the opportum: 
of asking for information with regard to flood-discharges 
anyone present who had had the opportunity of gauging a fo. 
of great intensity, The Report of the Flood Committee was om 
an interim one, based on very scanty data, and it was intended 
publish a better report later when the necessary information becar) 
available. For the Committee’s information, Sir Alexandk 
Gibb had supplied particulars of the flood at Glenlocha 
1872; that flood had been 10 per cent. below the Commi 
curve. No one would pretend to measure a flood-disc 
with any great degree of accuracy, and if divergences 
the normal curve were not more than 10 to 14 per cent., | 
thought that that was quite satisfactory. He would like to ask th 
Authors how the flood-discharges referred to in the Paper had h 
measured. It was curious that the balancing effect of loch Ke 
had had the effect of reducing the flood at Glenlochar to about & 
per cent. of what it was at Earlstoun, although the top water are 
of the reservoir itself, which was all-important, was only 1 p 
cent. of the drainage-area. Had the loch been drawn down at 
before the flood, or was it already overflowing when the fi 
reached it ? - | 
The compensation-water required for the river Doon, equivale: 
to an average rate of 48 million gallons per day, was very excessly 
On p. 331 that rate was stated to correspond to “a rainfall. 
24-0 inches over the catchment, or 33 per cent. of the aver 
annual rainfall.” Parliament very seldom awarded more 
pensation-water than one-third of the average run-off durin 
3 driest consecutive years, and if that basis had been ad 
in the present case the compensation-water would have been 
valent to only 14 inches instead of 24 inches. He would 
direct attention to the serious position that might arise in a @ 
year; there might be only two-thirds of the average rainfall, ¢ 
if it were necessary to maintain a flow equivalent to 24 i 
down the river Doon there would be only 10 inches avail 
power-supply, assuming an evaporation-loss of 14 in 
that case the storage of loch Doon, which was 2,930 mi 
feet, would only be utilizable for power purposes to the « 
about 860 million cubic feet. 
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. great enemy of such a scheme as that described was frost, and Mr. Binnie. 
¢ unfortunately occurred during the period when the peak 
nand might be expected. 
Mr. Rustat Buake expressed the regret of his partners and himself Mr. Blake. 
t their senior partner, Sir Alexander Gibb, Past-President 
ast. C.E., was unable to be present on account of illness. From 
fe very beginning of the works described, Sir Alexander had 
wken the liveliest interest in the whole project and had followed 
$ progress very closely until he was able to hand it over to the 
ompany. 
Messrs. Hudson and Hunter had referred to the work of the 
enities Committee. The help which that Committee gave had 
een extremely valuable in many cases where difficulty might other- 
ise have been experienced, and he believed that the Committee 
ras satisfied that the engineers had done all that they could to carry 
ut its wishes. 
4 was of the greatest value that the three Papers had been 
sented as one article. Their grouping had delayed their produc- 
n somewhat, but it had allowed of a particularly valuable contribu- 
n in the Paper by Messrs. Hawthorne and Williams giving the 
ts of a full year’s working of the whole system. The figures 
were certainly most satisfactory. 
‘With regard to the fish-passes, he had to admit that when he first 
y the Tongland fish-ladder, before the water was turned into it, 
‘wondered whether fish would ever really take to it. However, 
. Hudson, who was watching on the second day after the ladder 
d been put into use, reported that there were fish in the second pool, 
in fact the fish took to it readily. A little over a week later there 
a certain amount of trouble with the fishing proprietors, and the 
eers were so satisfied that all was well that they invited them 
me and see what was happening. They came on a Sunday ; 
Juices were closed down, and a count showed that 64 salmon 
on their way up the ladder, which, he thought, was remark- 
good considering the short period during which it had been 
ting. 
© eri of the Paper by Messrs. Hudson and Hunter dealing , 
the manufacture of the concrete was very interesting. He was 
glad that that section had been included ; it might be thought 
her lengthy, but it should be borne in mind that the cost of the 
rete placed amounted to about 43 per cent. of the whole cost of 
constructional works, which showed how largely concrete figured 
in. Having studied the concrete from every point of view, in 
dams and so on, he was firmly convinced that for work ofthe 
question it was very dangerous to employ highly quick-setting 
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and very finely-ground cements. Further, if it were desired to 
good concrete and a good finish in water-tunnels, good pit sand s 
be used. It was undesirable to rely on crushed tock, ho 4 
good the rock might be, because when the work was stripped a gre 
deal of repair-work would have to be done, which ought not te 
necessary. 

Mr. Harotp Hogson remarked that economic considerations, 
the Authors pointed out, dictated that the works should be desi; 


for peak-load operation. The particular scheme described, ee 
was really intermediate in nature between a base-load station am 
true peak-load plant required for operation during a few hours of t! 
day and a few months of the year only. Peak load was aways 
important problem in electricity-supply, and the difficulty of pr 
viding economically for the generation of power required r 
comparatively short periods was one which was always before tha 
responsible for the economic production of electricity in G 
Britain. 
He did not entirely agree with the opinion expressed by Me 
Hawthorne and Williams on p. 377 that an increase in the inte: 
of the peak was likely to follow from a more intensive developme 
of domestic load. That might be true of a small undertaking, bl 
when dealing as in the present instance with a large part, or ‘ 
with the whole, of Great Britain, he thought that the development | 
domestic load was quite as likely to fill in the valleys as to increai 
the peak. Again, the Authors pointed out that the economic 
provision of peak power required primarily low capital cost; it d 
not necessarily require high efficiency or low fuel-consumptic 
The greater part of the peak-load of Great Britain was at prese 
being dealt with by the older and less efficient of the exi 
generating stations, and he thought that for the most part, as t 
President had hinted in his remarks, it would continue to be 
with by those stations, reconstructed and extended as migh 
necessary. Galloway was not a scheme that had an inhe 
low capital cost ; as was pointed out in the Papers, the capi’ 
was about twice that of an ordinary steam station, but the operati 

costs were exceptionally low. It hardly fulfilled, therefore 
Tequirements of a full peak-load station, and for that very re 
had been designed to take an intermediate position, operating 
approximately 20 per cent. load-factor. a. 
It had been stated that the scheme had been made possible bj 
transmission-lines of the Grid being available to carry a 
output, but it should be pointed out that the reverse wa, 
true. It would not have been commercially practicable to 
that section of the Grid required to connect the industrial 
ae 
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entral Scotland with those in Lancashire had not the Galloway Mr. Hobson. 
sheme provided a paying load to transmit over the Grid. Incident- 
lly, the scheme had made possible the extensive developments of 
ral supply in the counties of Kirkcudbright and Dumfries. 
Before its adoption the scheme had been considered very fully 
y the Central Electricity Board in comparison with the alternative 
f extending steam generating stations in the neighbouring industrial 
reas, and strong representations had been made to the Board by the 
oal-mining interests, who held that on balance the advantage lay 
rith coal-fired stations rather than with the proposed development. 
t was true that at that time the margin in favour of the Galloway 
ieme had not been very large, but the action that had been taken 
gently by the coalmasters had certainly proved their arguments 
gainst the Galloway scheme to be unsound, for the price of coal 
ad gone up by 48 per cent. in Central Scotland and by 22 per cent. 
a North-West England, since the estimates had been made ; there 
ild now be no doubt at all that the scheme was a thoroughly sound 
ne in comparison with coal-fired production. 
‘Finally, he would like to say a word of appreciation of the very 
luable co-operation that the Galloway Company’s staff had given 
the Central Electricity Board in carrying out the necessarily 
omplex operations which were required to meet the varying demands 
the load in the two adjoining areas. 

_E. Bruce Batt remarked that very many interesting and Mr. Ball, 
ovel applications of water-control apparatus had been introduced in 
e Galloway works, and he would like to pay a tribute to the engineers 
ponsible for the scheme for their attitude in regard to the adoption 
advanced designs. He would like to mention a few of the most 


the time of its construction, departed from hitherto accepted 
tice. The pleasing appearance and the apparent lightness of 
, structure were largely due to the elimination of the accepted 
orm of balance-box by making the counterweights of cast-iron and 
ousing them within the grooves in the piers, covered on the outside 
teel plates flush with the surface of the concrete. The adoption 
that form of counterbalance made it inconvenient to use wire 
ing ropes with the conventional type of winding-drum, and 
g-chains of the bush-link roller type, attached at the ends to the 
and counterweights respectively, were adopted. The power 
transmitted to those chains through machine-cut sprocket- 
Js driven from the central headstock and horizontal shafts. 
arrangement was also followed in the case of the flood-gates 
a Istoun and Tongland, except that the piers, being larger, were 


_. backed under temporary girders which formed an extension of 1 
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7 
made hollow to house the counterweights, and steel co 
were thus unnecessary. Some indication of the arrang 
given in Fig. 15 (p. 345), which showed a section through the Tor 
gates. Since the gates were arranged for alternative manual o ? 
tion, it was desirable to protect the operator from harm when usiii 
the crank-handle, should the remote control at Tongland be oper tet 
A device for that purpose was incorporated in each headstock, aal 
comprised a hinged cover closing a casing which surrounded ti 
square end of the shaft on which the crank-handle was fitted, ti 
cover incorporating an electrical switch in the hinge, and isolatin 
the motor-contactor control circuit when it was open. TE 
circuit could not be restored until the crank was removed and 
cover completely closed. It was significant that the above-mention 
novel features had been applied with success to many subscale 
sluice-gate structures. } 
The limited time available for the completion of the barrag 
necessitated the removal of the cofferdam immediately each gro 
of piers was completed. That precluded the assembly and rivetin 
of the gates on their sills, as would normally be done ; each gate wi 
therefore transported by road as a completely-assembled unit frox 
the shops to the site. A special trailer was constructed to limit th 
height of the load for passing under bridges, the overall length of th 
lorry and trailer being 70 feet. On arrival at the site, the lorry v3 


Wilt 
ti 


overhead bridge. A pair of gantry cranes running on the top 
bridge lifted the gate, traversed it to its appropriate bay, and lowere 
it into place. The method was very convenient and saved a gres 
deal of time. 
The next point of interest was the provision in the six main dam 
of the 60-inch diameter outlet-valves of the mechanically-operate 
needle type, in which energy-dispersers were incorporated, Tho: 
dispersers were of the free-vortex type, and dissipated the energy « 
the escaping jets so as to protect the downstream bed from erosio 
A typical example was shown in Figs. 5, Plate 1. When dischargit 
under full head, the hydraulic energy destroyed amounted to app! 
mately 4,000 h.p. There were altogether eighteen free-vorte 
dispersers in the Galloway scheme for the protection of free-dise har; 
outlets. By placing the regulating valve at the downstream end | 
the steel-lined pressure-culvert, the velocity was limited to as 2 
figure which would ensure the minimum of erosion, and cavitat : 
was completely eliminated. At the upstream end of each c 
bellmouth inlet-casting was provided with a prepared face to 
an emergency closing gate to isolate the culvert and regulati 
for inspection or repair. The gate (Figs. 47) was of the mo rece: 
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e, consisting entirely of tubular steel rollers spanning the width Mr, Ball, 
the bellmouth opening, rotating on gunmetal bushes and carried 
xles held between side frames. The horizontal spaces between 
rollers were stanched by bronze rollers of smaller diameter, o 
1 tightly in contact with the main rollers by the water-pressure, 
being rotated by them. The spaces between the ends of the 
ets and the side frames, which were faced with gunmetal, were 
ited to about 0-015 inch. It was only through those spaces, which 
ed the working clearance, that any leakage could occur, and such 
the effectiveness of the design that the tightness was almost 
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fect. When the gate was closed under full head a fine mist only — 
; discharged into the tunnel. By virtue of its free-rolling anti- 
tion design, the gate closed by its own weight under the full 
sbalanced head, and was therefore in a true sense an emergency 
The gate was normally housed above top water-level, and 
| be lowered under the action of gravity by releasing a clutch 

headstock, the speed of closing being limited by a centrifugal 
+0 about 15 feet per minute, so that an outlet could be closed 
emergency in 5 minutes after releasing the clutch, 


hare in the conception and design of the Galloway power” 


had been well expressed by Lord Meston. The wording of a 
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the memorial plaque at the Tongland station was also eminer 
appropriate— 


1874 1934 


WILLIAM MCLELLAN 
CBE. MTEE: 

OF ORCHARD KNOWES 

KIRKCUDBRIGHTSHIRE 


TO WHOM THE 
CONCEPTION OF THIS WATER 
POWER SCHEME WAS DUE 
A MASTER OF ENGINEERING 

HE DEVOTED HIS TALENT 
TO THE DEVELOPMENT OF 
ELECTRIC POWER IN MANY 

PARTS OF THE WORLD 


‘Si monvmentvm reqviris, 
circvmspice.” 


Mr. JAMES WILLIAMSON remarked that it had been his privil 
to be connected with the scheme under Sir Alexander Gibb : 
Partners from its very inception in 1923. Lord Meston | 
spoken very kindly of the engineers and their work; he would - 
to add that the engineers had been fortunate in having a boarc 
directors to work with who appreciated the problems involved : 
were willing to allow for difficult circumstances. 

The first suggestion of the Galloway scheme had been on rathe 
small scale ; it was proposed to develop power at loch Stroan on 
Blackwater of Dee. That original suggestion led to the whole a 
being examined. There was then no immediate prospect of any ou 
for the power, but intermittent studies were made of various meth 
of developing the area, and it was seen that if loch Doon could 
utilized in addition to Clatteringshaws for storage a very effect 
and comprehensive scheme could be drawn up. Loch Doon, howe’ 
was at that time reserved for the river Doon hydro-electric sche 
proposed by the Burgh of Ayr. Later, the introduction of 
Grid scheme appeared likely to provide an outlet for the power, : 
it was found that the river Doon scheme was unlikely to be car 
out. In 1927, therefore, a memorandum was prepared coverin 
comprehensive scheme including storage in loch Doon. T 
memorandum compared two methods of development, one 
continuous load and the other for 50 per cent. load-factor, and furt 
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udies based on that comparison led to the consideration of the area 
r peak-load generation. The extraordinary fact was found that 
the whole development as then contemplated continuous load 
ould cost about £65 per installed kilowatt but that for 50 per cent. 
ad-factor the cost for the additional capacity would be £9 per 
lowatt, and it appeared that any further expansion of capacity for 
wer load-factors could be obtained at less than £9 per kilowatt. 
ull consideration of all the circumstances led to a load-factor of 
) per cent. being adopted, which corresponded to an installation of 
pout 100,000 kilowatts. One of the deciding reasons was that 
)0,000 kilowatts was the capacity of two single lines of the Grid ; 
nother reason was that when operating on 20 per cent. load-factor 
ort high-peak flows would be discharged down the river every day 
the winter, and higher discharges would have involved the risk of 
amage to river-banks and riverside property. That aspect of the 
atter also limited the installed capacity. 

4 Considering next some of the matters dealt with by Messrs. 
dson and Hunter, Mr. Williamson observed that the estimates 
run-off constituted one of the most important sections of the 
mates for a power-scheme. The mean rainfall-figure of 64 inches 
the whole catchment-area (Table I, p. 329) agreed well with the 
s estimated in the early stages of the scheme from the Clatter- 
aws and Knockingarroch gauges! and confirmed roughly as 
result of a few months’ records of a number of new gauges in 1929. 
, Authors’ method of arriving at mean rainfalls on the Dee catch- 
ent-area above Glenlochar (Table IT, p. 330) was not very good when 
bplied to ascertaining differences. There was purposely a pre- 
mderance of gauges on the high-rainfall areas which was not 
anced by similar close distribution on the low-rainfall areas, there 
in fact an area of over 100 square miles on the eastern side of 
s catchment without any gauges. It would be better to average 
e rainfalls of the gauges by taking account of the area for which 
h gauge was representative. By that method the following 


e. | 1930. 1931. 1932. 1933. 1934. 1935. |Average. 


nrainfall:inches| 72-3 68-5 69-8 49-4. 71-0 65:2 | 66-0 
ff:inches .| 57-9 58-9 58-1 37-9 58-2 51:2 | 53-7 
loss: inches. | 14-4 9-6 11-7 11-5 12-8 14:0 | 12:3 


The following part of this contribution, and the succeeding 
ibutions, were submitted in writing —Sxc. Inst. C.E. 
mes Williamson, Correspondence on “ The Areas Covered by Intense and 


0, Part I), pp. 187-193. 


Mr. 
Williamson. 


nread Falls of Rain.” Minutes of Proceedings Inst. C.E., vol. 229 


Williamson, 


434 DISCUSSION ON 


The losses thus found were more consistent from year to year t 
the results often found on other catchment-areas, and the average 
brought out was 12-3 inches. In preparing the estimates for 
it had been assumed that the average loss would be about 12 ine 
it was realized from the geological conditions that very little w 
would be lost underground. 

A study of some of the longer-period gauge-records in Gallo 
raised the question of whether there was indication since the begi 
of the present century of a change of climate, resulting in milder : 
wetter winters and increase of rainfall. The gauge at loch Fi 
had been read since 1885. In the first 18 years of records, till 19 
the average rainfall recorded was about 49 inches and only 
records were above the long-period figure of 55-1 inches giv 
Fig. 2 (p. 328). It was generally assumed that any period 0 
years covered a sufficient number of high and low variations to a 
a long-period record approximately the same as any other 
period. In the 35 years from 1903 to 1937, however, there w 
only about 6 years with records below 55 inches, and the aver 
was about 59 inches. That was very much more than the 49 ina 
of the previous 18-year period, and substantially more than | 
figure of 55:1 inches adopted as the standard. Over the 35-y 
period it represented an excess of 2} years’ rainfall. The point 
of considerable general interest, apart from its particular interes: 
the water-power authorities, and he suggested that it was worthy 
the attention of the Meteorological Department. If the conclus 
were reached that the dictum “‘ The weather always pays back w 
it owes ”’ still held good, then it would have to be recognized tha 
very large overdraft had been accumulated, the effects of wh 
would be felt when it was called in. j 

He desired also to call the attention of the meteorological authori 
to the rainfall-map, Fig. 2 (p. 328), which had evidently 
prepared with close attention to physiography and exposure. q 
rainfall at Forest Lodge was there given as 63-2 inches. Over 
period of the Galloway Company’s records, which for that gauge 
been obtained from the Meteorological Department, the indicati 
were that the rainfall at Forest Lodge was rather higher thar 
Clatteringshaws, and that the long-period value should be ab 
71 inches instead of 63-2. He recollected having been informed t 
at one stage doubt arose as to whether the gauge at Forest Lo 
was recording the full rainfall, that the location was investig: 
and a shift arranged, and that the subsequent readings had beer 
a higher scale. If adjustment of the 70-inch contour were tc 
made to allow for that change, it would be moved 2 miles eastw: 
at the words “ Forest Lodge ” on the map, and a suitable adjust 
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d also need to be made on the 80-inch and 90-inch contours. The Mr. 
ation suggested would be consistent with the fact that Forest V!@msm. 
dge was in the lee of the highest part of the Kells range of hills. 

With regard to the provision made for the passage of fish, the 

thors expressed the view on p. 352 that, in general, passes of the 

sr-fall weir type were more easily regulated and cheaper to con- 

act than passes of the submerged-orifice type. Their conclusion 

s open to doubt, and did not appear to be applicable to the ladders 
Tongland, Earlstoun, and Carsfad. A special feature at Tongland 

s the large daily rise and fall of the reservoir, amounting sometimes 

10 feet within a few hours, and the necessity for maintaining 

equate passage-way to the reservoir and a nearly constant flow 

all stages. No reasonably effective and economical method of 


Figs. 48. 
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CIPLE OF REGULATION OF FisH-LADDER WITH SUBMERGED ORIFICES. 


that with the over-fall type of ladder had been found, but 
rged-orifice discharge appeared to afford the means of ensuring 
necessary regulation, making the passage for fish easier, and 
ng a shorter ladder to be used. The principle of the regulation 
own diagrammatically in Figs. 48. Below the top resting 
e ladder had a regular form of construction in steps of 2 feet 
ght, with chambers 15 feet long and 6 feet deep and a sub- 
orifice of constant size in each cross wall. The minimum 
tity of water sent down should be sufficient to fill the pools and 
a sinall surplus to pass over the top of the cross walls. For 
slight fluctuation of quantity above the minimum the surplus 
also pass over the cross walls, and the chambers would always 
with a 2-foot drop in level from chamber to chamber. The — 
on of the quantity and the provision of a suitable opening © 
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to the reservoir at all stages of water-level was done by mea 
the top flight of chambers above the uppermost resting pool. . 
those chambers the cross walls were carried higher than in the nop 
ladder and any possibility of spilling-over was eliminated. 
orifices in the walls were all of the same size and shape, so that 1 
had the same coefficient of discharge. If then a sluice were ope 
to admit water at the top of the ladder, the flow would adjust + 
to steady conditions, and would produce equal fall from chambe 
chamber down to the top resting pool, in which the water-level | 
practically constant. The fall would vary slightly during operat 
as it depended on the reservoir-level and the particular access-sl: 
which was in use. The upper diagram of Figs. 48 showed | 
maximum and minimum levels in the chambers for an assumed ¢ 
in reservoir-level of 3 feet with the water passing through the uy 
of the two access-sluices, and the lower diagram showed the ec 
sponding levels for a further drop in reservoir-level of 3 feet y 
the water passing through the lower access-sluice. The change f! 
one sluice to the other was effected automatically by a float-e 
trolled motor, the closing of one and the opening of the other - 
ceeding simultaneously without interruption of flow. 

Figs. 48 were diagrammatic only, for the purpose of illustra: 
the principle. At Tongland there were actually three slu 
openings for the range of 10 feet, only one of which was open : 
time. At Earlstoun and Carsfad there were two sluice-openings 
a& maximum range of 8 feet, but normally only the upper oper 
was in use, as the fluctuation of level was small, except in emergex 
The proposed arrangements had been considered satisfactory by: 
fishery experts and a 2-foot drop from chamber to chamber had k 
agreed to. In discussions with the experts on the over-fall typ 
ladder it had been generally indicated that they would like cham! 
20 feet long furnished with internal baffle-walls and with a fall f 
chamber to chamber not exceeding 1 foot 6 inches. If those 
quirements had prevailed at Tongland they would have entailec 
increase of 400 feet in the length of the ladder, which would have ad 
very largely to the difficulty and the cost. (A small ladder of 
overfall type with long pools and bafile-walls was shown leading 
from the tail-race of Tongland power-station in Figs. 18, Plate 
There was never any doubt that fish would pass easily thro 
the orifices under a 2-foot head, as instances were kn 
where salmon passed through sluice-openings under much gre: 
heads. The helical ladder at loch Doon had been devised 
meet exceptional circumstances at a time when the work 
the dam was in active progress. The. major difference bety 
the operation of the reservoirs at loch Doon and at Tong 


: 
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that the rise and fall at the former was slow and seasonal Mr. 
of large range up to 40 feet, whereas at the latter there WiHemson: 
a rapid daily rise and fall of up to 10 feet which called for 
omatic sluice-control. The slower movement at loch Doon 
rmitted of manual adjustment of the sluices at intervals of a day 
two. The helical-tower type of ladder would appear to be capable 
‘adaptation to almost any range of rise and fall in a slowly- 
ctuating reservoir. 
The large use that had been made of the horizontal-arch type of 
m was noteworthy. That type was particularly useful for suit- 
le sites, and it had decided advantages where foundations might 
ve to be taken deeper than expected, the additional work then 
volved being far less than that required in deepening a gravity 
m. In most of the Galloway dams the arch abutted against a 
ep face of rock on one side and against a gravity-dam on the 
her. It might normally be preferred to abut against rock on both 
les, but the large spillway-capacities required led in certain cases 
‘the deliberate selection of sites on which a long length of low 
ity spillway-dam could be developed on one side. The sectional 
¢ruction and arrangement of joints and expansion-joints received 
cially careful consideration.t 
'Tunnelling formed the key to two essential parts of the Galloway 
eme. The development in tunnel technique had been rapid in 
cent years, and with increase in the speed of driving and lining 
ere had been decrease in the cost. For lined water tunnels be- 
en 8 and 12 feet in diameter, the cost per foot 12 years ago 
ld have been about £14 per foot of diameter, but in Galloway 
cost per foot had been less than £1 per foot of diameter. A 
stable achievement by the contractors for the loch Doon tunnel 
¢he simultaneous driving and lining at a rapid rate of a tunnel 
8 feet 3 inches in diameter, executed from one end only. 
‘he introduction at Harlstoun and Kendoon of reservoir canals 
able of dealing with the daily fluctuation of the reservoir and 
iding full-load capacity even at the lowest working level, while 
; accompanied by material saving of cost, produced. advantages 
other respects and led to increase of the power-output. At 
doon the average working head had been increased from the 
pated figure of 150 feet to 157 feet, producing an increase of 
r of nearly 5 per cent. together with an increase of capacity. 
advantages were the greater facility of control of the station, 
more convenient location of the intake, the easing of the surge- 
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tower problem, and, at Earlstoun, the elimination of additia 
gate-control (the free-roller gates at the forebay at the lower « 
of the canal constituting the turbine-valves). Where turbi 
valves were placed at some distance away from the machines, 
whole of the water-hammer pressure produced by the rapid shutti: 
down of a machine had to be taken by the pipe. That conditi 
arose at Tongland, Earlstoun and Carsfad, where the pipes had b 
designed for pressures of the order of 60 to 70 per cent. above 
maximum static pressure. Where relief-valves were installed, 
Glenlee and Kendoon, the excess pressure to be provided for y 
much less. 

Referring next to the Paper by Messrs. Hawthorne and Willia 
Mr. Williamson observed that it did not appear to give full wei 
to the large part that could be taken by the seasonal storage 
the scheme of regulation—the Galloway development was only i 
very minor sense a run-of-river scheme. The storage problem w 
in no sense comparable to that of a water-supply scheme or eveni 
a hydro-electric scheme for continuous load. In those cases was 
was stored to give a continuous and even supply of water, and 1 
pipe systems themselves in conjunction with the capacity provid 
put a limit on the quantity that could be drawn. In the Gallow 
scheme, with a series of stations having widely-varying heads ai 
with seasonal reservoirs at different elevations, the problem was n 
to provide a regulated supply of water as such but to provide 
regulated supply of power ; an additional factor was thus introduc 
by the varying head. Still another factor was the seasonal use 
power, large in winter and small in summer, which admirably suit 
the average run-off characteristics of the area. That co-ordinatii 
of power-output to run-off effected a very large saving in the quanti 
of storage required. The seasonal storage was provided on the are 
of highest ground with the highest rainfall extending along t 
western boundary of the catchment ; the total storage-area was abo 
125 square miles, but 20 square miles of the loch Doon area had 
be allocated to providing water for Ayr and the river Doon, so th 
the net area for seasonal storage was 105 square miles, about 27 y 
cent. of the total catchment-area. In an average year the pow 
provided directly from storage amounted to about 125 million un 
—over 60 per cent. of the total power—from 27 per cent. of the ar 
The quantity of stored water that had to be spilled from t 
seasonal reservoirs was negligible, and no run-of-river water W 
dealt with in the Glenlee station. The quantity of run-of-rin 
water to be dealt with in the other four stations increased fre 
Kendoon downwards, and more than half of the whole quanti 
passed only through Tongland station at the small head of 105 fe 
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: quantity of power which could be generated from the run-of- Mr. 
er water was estimated to amount in an average year to about “il#mso 
million units, allowing for inevitable flood-spilling, and was 
siderably less than that from the stored water, although the total 
aantity of water required to produce it was much greater. A large 
+ of the run-of-river water, estimated at 60 per cent., could, 
bwever, be regulated by proper manipulation of the storage by the 
lowing method. So long as the natural flow in the river did not 
ceed 20 to 25 per cent. of the power-station capacity, it was only 
essary to supplement the flow by discharge from the storage- 
ervoirs and bring it up to the requisite capacity. In dry spells in 
inter the discharge had to be heavy, and in wet weather small or nil, 
ibject to the requirement that during the heaviest load-period for 
short time in winter Glenlee had to be operated to provide power, 
ren if there was sufficient natural water to run all the other stations. 
he result was that of the total power-output in a year producing. 
5 million units, consisting of 125 millions from storage and. 80 
Hions from run-of-river, about 170 millions should be capable of 
most complete regulation for peak load. 

‘The fact that the stations when run continuously could consume 
to five times the average river-flow and the resulting output 
ld generally be absorbed ensured a very high utilization of the 
ailable water. In the first year’s operation it appeared. that loss 
aring floods amounted to roughly 10 per cent. of the run-of-river 
ow. When the estimates for the scheme had been prepared it 
ad been assumed that there would be times, particularly at week- 
nds, when it would not be convenient for the grid to take all the 
ower capable of being produced ; the utilization-factor had there- 
e been taken at 80 per cent. for the run-of-river water, whereas 
er cent. had now been found possible, the increase of output 
ng about 10 million units. Conservation in the estimates and 
ious minor modifications effected on the original scheme had 
da further 8 million units. The product of the area in actual 
er appeared to have been very closely estimated. By careful 
ging of all details of operation of the scheme it should be possible 
maintain a useful comparison between aggregate rainfall and 
sregate run-off on the whole catchment-area. 

"he control of the daily reservoir at Tongland was interesting. 
e Authors stated that the capacity of the reservoir was 2 hours’ 
oad running of the station, and that with a river-flow corre- 
ding to half load and starting with a full reservoir the station 
run on full load for 3 hours. Should not the answer to that 
tion be 4 hours? In any case, statement of the capacity in _ 
manner did not conduce to a realization of the capabilities of 
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the station for taking its share in the load-system. In the p 
liminary studies it had been assumed that it would suit the gene 
requirements in winter if the station were operated at two-thin 
load on the morning peak and at full load on the higher afterno 
peak. Fig. 49 showed the nature of the daily load assumed, wi 
the station shut down at the dinner-hour recess when the industr: 
load fell to a low figure. It would be seen that that system . 
operation could be maintained without exhausting the stora 
The inflow shown in Fig. 49 corresponded to 15,000 kilowatts, whi 
was somewhat less than half load. The capacity of the station f 
peak load might be stated as equivalent to 6 hours full-load runni- 
on a 94-hour base. He understood that in normal conditions 
winter the station was run on a method similar to that descri 


Afternoon peak 


Fig. 49. 


OUTPUT: 
KILOWATTS x 10% 


RESERVOIR- 
LEVEL: O.D. 


ToncLaND PoweEr-STaTION: OPERATION OF Darty SroraAGE. 


On pp. 379-380 the Authors mentioned three alternative methoe 
of providing power for peak loads. It was not too much to say th: 
any hydro-electric scheme which could be contemplated for co: 
tinuous load would be much improved if enlarged and operated f 
peak load, provided the necessary demand existed. The Gallows 
scheme would not have been economical on continuous load bt 
became competitive with steam when arranged for peak load. / 
an illustration of the change in cost per unit of capacity which cow 
take place, Glenlee station, if arranged for 6,000 kilowatts of co 
tinuous load, would have cost about £75 per kilowatt. The actu 
installation was 25,000 kilowatts, the extra 19,000 kilowatts of capacit 
having been obtained at a cost of about £10 per kilowatt; furth 
Increase In capacity, which could usefully have been employed bi 
which it was now too late to contemplate, could have been obtain 
for less than £10 per kilowatt. By means of pumped storage plan 
it appeared to be possible at suitable sites to obtain capacity f 
overtaking the finer peaks of a system at a cost per kilowatt w 
below the lowest cost which appeared possible at present for con 
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parable steam operation. Fig. 50 had been prepared to indicate aMr. 

ough approximation to the combined load-system of Centra] tamnons 
ytland and North-West England at a recent period ; for the sake 

simplicity, each month’s operation had been concentrated into a 

ingle peak with a height corresponding to maximum load at the 

middle of the month. The diagram showed the large increase in 

oad in winter as compared with summer, the whole of the increase 

yeing of the fine peak-load type which was the most expensive to 
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uce in steam stations. The black areas indicated the load that 
be taken by the Galloway scheme to replace 100,000 kilowatts 
steam plant. It was evident that a large amount of expensive 


load still remained. od 
th reference to Mr. Mountain’s Paper, Mr. Williamson observed 


rstood that the use of a long single line to transmit 100,000 kilo- 
was only rendered possible because the Galloway stations eS 
re situated somewhere near the middle of the line. Was it the case S 

if the Galloway stations had not existed the capacity of the ing 
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for interchanging power between Scotland and North-West Engla 
would only have been 20,000 or 25,000 kilowatts, so that from 
aspect there had been effected a four or five-fold increase of capacity 
Figures given on p. 419 suggested that the cost of modern ste 
generation might be taken as £2:5 per kilowatt plus 0-085d. per uni 
the latter figure was probably conservative, having regard to t 
present price of coal. Assessing the annual value of the Gallow: 
stations on that basis :— 
102,000 kilowatts at £2-5 per kilowatt . £255,000 
200 x 108 units at 0-085d. per unit . £71,000 
Total annual cost of steam generation . £362,000 


The annual cost of the Galloway scheme had been stated as 
£240,000, so that there was a considerable margin in its favour. 

The Author suggested an investigation of hydro-electric sche 
for low load-factors. Unfortunately, each hydro-electric site co 
stituted a separate problem, and no general comparison could | 
made. Some of the essential elements that conduced to sma 
capacity-cost on low-load factors were the following :— 


(i) Increase of capacity involved no increase in prelimina2 
and promotion expenses. 

(ii) Increase of capacity required no extra expenditure for lane 

(ii) Extra capacity in pipes was obtained at a lower rate tha 
for continuous load. 

(iv) Extra capacity in tunnels was obtained at a much low: 
rate than for continuous load. 

(v) There was generally a slight saving in cost per kilowatt | 
plant and buildings for power-stations with increase + 
capacity. 

(vi) If capacity were required mainly for winter peak load, the: 
might be a saving in the cost of storage as compared wit 
that required for continuous load, in situations such : 
the west of Scotland. 


For heads of 300 to 600 feet, which were very convenient f 
development, the extra cost of power-station and plant would | 
of the order of £5 to £4 per kilowatt, provided the units were n 
small. The extra capacity in pipe-lines and tunnels of modera’ 
length might be obtained for £2 to £4 per kilowatt. The range | 
total extra cost on those figures was therefore from £6 to £9 Pp 
kilowatt, but might be more if the supply-conduit were long. 

Mr. N. C. Brrpex observed that Mr. Mountain contended that #] 
cost of power from the Galloway stations, operating at 20 per cen 
load-factor, was only about 75 per cent. of the cost of the san 
power from a modern steam station. That was surely very mut 
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Cs 
ppen to question, and did not seem very sound ground upon which Mr. Bridge. 
9 base the advantages of a hydro-electric scheme. The figures 
ven on p. 419 for a steam station could be shown to represent an 
pperating charge (for fuel, etc.) of 0-0875d, per unit supplied, plus 
/ annual charge for interest and depreciation of £2:46 per annum 
per kilowatt of plant installed. The cost figure given for the hydro- 
slectric scheme represented £2:35 per annum per kilowatt, of which 
much the greater part, possibly £2:25, would represent capital 
sharges. The capital charges for the hydro-electric scheme would 
us be less than those for the steam station, which seemed absurd. 
rere could be no difference in the interest-rate, and though the 
all depreciation-rate for the steam station might be double that 
t the hydro-electric scheme, the capital outlay to which the rates 
re applied would not, for the steam station, be more than about 
If that for the hydro-electric scheme—otherwise it could only be 
nsidered to be a very extravagant station and hardly of the type 
jat might have been put down in lieu of the Galloway scheme. 
1-5 per annum per kilowatt were taken as a more reasonable 
mate of the capital charges for the steam station, and the rather 
gher figure of 0-1d. per unit as the running charge, the total cost 
r unit with 20 per cent. load-factor became approximately 0-305d., 
against Mr. Mountain’s suggested figure of 0-425d. and the Galloway 
heme figure of 0-32d. Withincreasing load-factor, the hydro-electric 
me costs would, of course, show up to greater advantage. 
Such comparisons as the foregoing were, however, only part of 
y story. Taking a broader view, there would seem to be a sound 
for developing water-power on a combined steam and hydro- 
ric scheme where (i) the assured load-factor on the hydro-electric 
+ would bear a satisfactory relationship to the capital outlay ; 
he hydro-electric plant could be operated to level out the load- 
e on the steam stations and so improve their operating efficiency ; 
the availability of the hydro-electric plant (having regard to floods, 
ghts, frosts, etc.) would bear a satisfactory relationship to the 
team-plant reserve ; and (4) the costs and losses of transmission to the 
ntres of load-demand would not outweigh the gains on other counts. 
Mr. Mountain’s Paper provided a welcome assurance upon the 
echnical questions arising out of the transmission and interconnexion 
roblems of the Galloway scheme, but would seem to lack conviction 
some of its economic aspects. That conviction might perhaps 
e in time, and the foregoing comments should not be taken as 
nding any disparagement of what was undoubtedly a highly 
itable enterprise. Z 
_W. A. Coates observed that Mr. Mountain had given a figure Mr. Coates... 
32d. as the average cost per unit at the generating station . 


Mr. Coates. 


_ the network frequency would be determined by the steam 


444 DISCUSSION ON 


busbars. A closer comparison would have been provided | 
puting the cost at the point of usage, which was where any al 
peak-load steam station would have been located. From the 
for additional capital and transmission-losses given in the P. 
it would appear that the cost per unit at the receiving stati 
bars would be approximately 0-38d. That figure was still on the rigg 
side as compared with a steam station having the same load-facto 
it would, however, be unwise to draw any general conclusions fr 
the fact, because the capital cost of the Galloway development wi 
exceptionally low. Conditions of rainfall and the service to whii 
the plant was to be put made possible the virtual elimination 
water-storage. For a hydro-electric plant which was expected — 
operate on normal daily loads, a mere 12} days’ supply of wat 
behind the dams could not be risked. Adequate water-stora 
for such conditions would no doubt have brought the capital eo 


knowing whether there were in fact plants available in the Glasgo: 
Manchester, or Liverpool areas on which the capital was largely 
wholly amortized so that the generating costs would be exceptional 


cost was hinted at on p. 395 by Messrs. Hawthorne and Williar 
when they mentioned the Central Electricity Board taking supp 
at short notice to avoid spilling to waste. Were base-load 
stations operated below their most efficient load-factor on th 
account? If so, the overall cost per unit might be increased. 
consequence. The point that a hydro-electric station could be p 
on and taken off load quickly was well taken. Probably a dies 
engine station alone could give similar service, and the fact that i 
fuel had to be imported was a strong point against that class 
station, That consideration supported Mr. Mountain’s sugge 
of an extended hydrographic survey. 
The statement by Messrs. Hawthorne and Williams (p. 398) th 
the Galloway plants were of value in regulating frequency in Cent 
Scotland and North-West England was surprising. Dalmarnoc 
Clarence Dock, and Barton power-stations were all working wi 
controlled frequency, and each was comparable in size with t 
entire Galloway development. Asthe governing on steam turbi es" 
usually very much closer than that possible with water turbines, 


Mr. W. T. Hatcrow observed that the Galloway hydro- 
plant, which supplied power for general purposes, differed 
carried out in the Highlands of Scotland in that it was. 
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operate at a low load-factor of about 20 per cent. The Grampian Mr. Halcrow 
plant also supplied current for general purposes, but operated at a 
oad-factor of about 50 per cent. The Kinlochleven and Lochaber 
plants provided cfirrent for the production of aluminium, and 
worked on a load-factor approaching 100 per cent. The Galloway 
plant served a useful function as a feeder of the “ grid,” and would 
: unsuitable for electro-chemical industries. The low load-factor 
arose from the fact that the topographical conditions did not permit 
of the formation of storage-reservoirs of sufficient capacity to regulate 
ully the run-off from the catchment-areas, so that the cost of the 

work as seen from the figures given in the Papers was high. As 
practically the whole cost of current from a water-power station was 

nterest on capital and depreciation, the cost per unit was known when 

he works were completed, and was not liable to an upward fluctuation 

as in the case of a steam or oil plant where the fuel-cost might rise. 

so, by the operation of a sinking fund, the cost would steadily 
ibe reduced over a period of years. That was an important advantage 
of water over steam power. 
~ In the Highland schemes power could be developed on a continuous- 

oad basis, as it was possible to construct reservoirs of large capacity 
at low cost. Such power could be produced at §d. per unit and less, 
nd in consequence chemical or electro-metallurgical industries, 
h as the production of aluminium, could be established. Efforts — 
re being made to establish a calcium-carbide industry, but un- 
rtunately landowners and others had so far successfully blocked 
» Bill promoted in Parliament for the necessary statutory powers 
construct the hydraulic works. Many engineers and others 

rested in Bills of a technical character doubted the wisdom of 
liamentary procedure which allowed such Bills to be rejected 
m second reading before being examined by a Select Committee 
hat would hear the evidence of experts for and against the Bill. 
ad been suggested in some quarters that Highland water should 
developed generally for power-supply purposes. If specialized 
ustries such as aluminium and carbide production could only 
established in Great Britain if cheap power from water were 
vailable, there would appear to be some argument in favour of 
eserving the power for such purposes. The difference in cost of 
production of power between 3d. and jd. a unit might make or mar 
‘electro-chemical scheme, but would be of small importance where 
energy was distributed for general use and where rates of 6d. 
upwards might be charged. 
‘he works described in the Papers contained many features of 
est. The adoption of the combined arch and gravity damstoa@ = 
extent was noteworthy ; had the designers taken into con- 


Mr, Halcrow, 


446 DISCUSSION ON 


sideration in their calculations the cantilever action of that part : 
the arch which was held by the rock foundation and was consequent: 
not free? Also could the Authors give reasons for the alignment « 
the Carsfad dam, shown in Fig. 8, Plate 1, and Fig. 9? It app 

that a straight dam at that site would have been more econo i 

On p. 338 there was described the lining of a canal with concre 
placed in situ on slopes of 13 to 1. The concrete had apparent. 
proved not to be watertight and had required subsequent treatm 
On the Grampian hydro-electric works where a large canal was line 
in a like manner some leakage was measured, and he had little douhi 
that the trouble arose through the difficulty experienced in makim 
homogeneous the concrete laid on the 1}-to-1 slopes. It was na 
possible to ram it, and reliance had to be placed on the skin forme 
by screeding to make it impervious. In that case the difficult 
had been satisfactorily overcome by coating the surface with 
special cement, and there had been no trouble since the aquedua 
had been put into use about 4 years ago. 

The description of the fish-passes, which were, he believed, th 
largest in Great Britain, should dispel the fears of those who main 
tained that if the natural conditions in a river were interfered witl 
fishing was bound to be adversely affected. His experience was thé 
there was no difficulty in providing channels for fish to pass a dam 
but that there was controversy between engineers and fishin 
experts as to the best form of pass and the minimum quantity c 
water required to operate it. He hoped that that divergence c 
opinion would be narrowed as a result of the work now being unde 
taken by the Institution Research Committee on Fish-Passes. 

On p. 361 the Authors referred to the use of diesel locomotives i 
the Glenlee tunnel. Had any trouble been experienced due to th 
poisonous gases which such machines discharged ? Was the force 
ventilation at the working faces required because of the locomotives 
His experience was that, where electric locomotives were used, th 
discharge of air from the drills at the face was sufficient to keep th 
tunnels fresh. ‘ 

In the early stages of construction of the dams rapid-hardenin 
cement appeared to have been used, and trouble arose from excessiv 
shrinkage and cracking of the concrete. He would consider rapic 
hardening or quick-setting cement of any kind unsuitable for dam 
or similar large concrete structures, and it was interesting to leaz 
that those cements had been abandoned and that cement groun 
more coarsely than that normally supplied by manufacturers ha 
been used, as for the Laggan dam. It appeared from the remarks o 
p. 366 that that change had proved effective in reducing the develo} 
ment of shrinkage-cracks. It was hoped that the research now beir 
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tied out on low-heat cements would result in the production of a Mr. Halerow. 
ement that would have a minimum of shrinkage on setting, 

“Mr. Davin Luoyp observed that the values of rainfall, run-off Mr. Lloyd. 
d loss given for the Galloway catchment would afford a comparison 

ith the data provided in two recent Papers, Accurate observations 

the Severn catchment 1! indicated that the average total losses 

rere about 18 inches from a long-average rainfall (1881-1915) of 

6 inches; on the Vyrnwy catchment (Montgomeryshire) it had 

n found 2 that the total losses were about 19 inches from the 
yng-average rainfall (1881-1915) of 70 inches, The Authors had 
rved that the total losses on the Galloway Dee were of the order 
13 inches with a long-average rainfall of about 63 inches. There 
yuld, at first sight, appear to be no basis for reconciling the different 
falues, but he would suggest that they could be largely explained 
differences in the climate (temperature, sunshine, etc.) experienced 
each catchment and also the geological character of the underlying 
ata. Regarding the weather, the conditions were rather more 
re over the higher catchment in Scotland than in the Midlands 
ngland. The underlying strata at Galloway were less porous 
those underlying the Severn basin. A study of the total losses 
arious areas led him to suggest that total loss should be considered 
eing made up of a primary loss or “ pellicular”’ loss from a 
at the surface, and a deferred or ground-water loss. It might 
hat, whilst the pellicular loss at the Galloway catchment and that 
he Severn catchment were comparable as a function of the eva- 
tion-opportunity and the weather, the ground-water loss at the 
Wloway catchment overlying impermeable strata was very low. 
+ reasoning might afford a partial explanation of the low value 
sses experienced over the Galloway Dee, but it might not explain 
holly, as he had noticed when applying differences expected 
yecause of different weather and geophysical character. 

The method used by the Authors to compute the general rainfall 
yer the area was that described as a provisional method by a com- 
ee on the determination of rainfall.3 That provisional method 
based on the observed fact that, as a generalized truth, the per- 
tage rainfall over an area in a given period was sensibly constant. 
a large area, Dr. John Glasspoole had observed discrepancies,* and 
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‘ Report of the i oint Committee to consider Methods of Determining the 
al Rainfall over Any Area.” Trans. Inst. Water Engineers, vol. xlii (1937), 
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also, from considerable study and use of the methods, it appea 
to Mr. Lloyd that the provisional method was reasonably accur. 
only on a moderate-sized area. On areas of 200 square miles or 

with few rain-gauges, he had noticed that departures of values giv 
by the provisional method from those given by the cartographi 
method were not within reasonable limits, particularly when the | 
(a residual) was extracted. The annual general-rainfall values giv 
in Table II (p. 330) might thus be 1 or 2 inches low, and subseque 

also the values for total loss; hence it would be of value if — 
Authors would indicate thelimits within which the computed valuel | 

Mr. Hunrer, in reply, observed that Mr. Binnie had asked wi 
method had been adopted in computing the discharge of the o¢ 
standing flood that had occurred at Earlstoun on the 1d 
December, 1936. There had, in that instance, been no spec 
difficulty in arriving at a reasonably accurate estimate, since ~ 
whole of the flood had been discharged over the spillway-crest of * 
dam and through the power-plant and floodgates. The considera: 
reduction that had been effected in the magnitude of the fic 
lower down the river by the regulating effect of loch Ken certaii 
appeared remarkable at first sight, and was due, partly to the f: 
that the loch was at the time standing at a low level, and par 
to the short duration of the flood in question. Sustained floods w: 
not attenuated to the same degree. 

Both Mr. Williamson and Mr. David Lloyd had criticized t 
method adopted by the Authors in computing the mean anm 
rainfall over the catchment-area. On plotting on a map the anm 
percentage-values of the different rain-gauges it had been impossil 
to trace any consistency or to find any basis on which percenta; 
contours could be drawn with any confidence. In order, therefo 
to avoid the labour of preparing separate isohyetal maps for @a 
year, the simple method described had been adopted, and in vi 
of the distribution of the gauges it was believed that the error wo 
not be serious. The alternative method proposed by Mr. Williams 
in which a weighting factor was applied to the individual percents 
values, had been considered, but the Authors had felt doubtful 
the circumstances whether the results were likely to be any m 
reliable, and it was to be noted that the figures for the annual los 
as calculated by Mr. Williamson when plotted to a base of ann 
rainfall were not less irregular than those given by the Authors. 

They were interested to note Mr. Williamson’s reference to ’ 
rainfall at the Forest Lodge gauge, since they had also come to 
conclusion that some change in the location or exposure of 
gauge had occurred in the past, and that the true average value 1 
appreciably higher than that stated by the Meteorological Off 
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xy had felt, however, that as the matter was somewhat conjectural Mr. Hunter. 
id as the probable error would have but a negligible effect upon the 
mputation of the mean annual rainfall for the whole catchment, 
vision for the purposes of the Paper was hardly justifiable. 
he Authors’ suggestion that fish-passes of the overfall-weir type 
re more easy to regulate than those incorporating submerged 
fices referred only to the main portion of the pass, which had to 
1 with steady conditions. Where a fluctuating reservoir-level 
to be dealt with, as at the head of the passes at Tongland, 
ristoun and Carsfad, the submerged orifice was, as Mr. Williamson 
inted out, the only satisfactory method. For the lower portion 
the pass, however, the overfall-weir type of pool possessed the 
dvantage that the depth of water could be maintained practically 
onstant without the use of sluices between the chambers should it 
¢ desired to operate it at a considerably reduced flow. 
The Authors wished to thank Mr. Williamson for the most 
eresting contribution that he had made to the Discussion, which 
d materially to the value of the Paper. 
With regard to Mr. W. T. Halcrow’s remarks, the Authors heartily 
dorsed his expression of doubt as to the wisdom of present 
rliamentary procedure, which permitted Bills of an engineering 
aracter to be rejected on their second reading without being 
amined by a Select Committee. They were familiar with a recent 
in which a Bill embodying a hydro-electric scheme had been 
ted in what they considered was a most cavalier manner, and 
4 been thrown out by the House of Lords without the Promoters 
eing given the opportunity of putting forward their case or answering 
he objections that had been raised. 
Mr. Halcrow referred to the alignment of the Carsfad dam. A care- 
study of all the factors, including rock-levels, foundation-con- 
ions, and spillway-accommodation, had led to the adoption of the 
angement shown as representing the most economical compromise. 
The Authors were interested to hear that on a canal in connexion 
+h one of the Grampian hydro-electric works similar trouble had 
experienced with leakage through the canal-bank to that 
scribed in the Paper. They agreed with Mr. Halcrow that the 
uble arose from the difficulty in making watertight a concrete 
b laid in situ on a 1-in-1} slope, and they felt that in future canals 
a similar character special precautions should be taken to ensure 
thoroughly watertight lining. 
ith regard to the use of diesel locomotives in the Glenlee tunnel, 
ould be pointed out that they were not employed until after 
iving operations had been completed and a through ventilation 
he tunnel assured. The precaution had been taken of fixing 
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special cleaning boxes to the locomotive-exhausts, and 
samples of the air drawn from the tunnel where the locomotr 
working had shown that those devices were effective in elimina tin 
the harmful exhaust-gases. The forced ventilation provided ha 
enabled time to be saved in blowing out the fumes after firing. — 
Messrs. HAWTHORNE and WILLIAMS, in reply, stated that li 
tions of space had made it impossible for them to discuss in tha 
Paper the considerations which settled the capacity of the reservon 
and head-ponds and the size of pipelines and machines, ] 
Williamson’s remarks and data were a valuable addition to tl 
descriptions of the Scheme, but a full exposition of the princip 
followed in its layout would require a complete Paper. Mr. Wil iar: 
son had taken too literally the statement made in the Paper abon 
the time Tongland power-station could run on full load with ha 
load inflow into the head-pond. That statement was made prima it 
to indicate one of several limitations beyond the Company’s contre 
In point of fact the station had never been run under those condition 
but experience indicated that for economical operation 3 hours w: 
the time that could be relied on. | 
With regard to Mr. Williamson’s remarks on the minimum qua 
tity of water required for the fish-passes, it could be recorded th: 
passes were operating satisfactorily with an appreciably smal 


now seemed to be quite satisfied, as a result of experiments ar 
observation, that the fish would run more freely when the o fic: 
were not fully drowned. Operating under those conditions, t 
cross walls were never flooded, and the risk of fish jumping out « 
the passes was practically negligible. . 

Mr. Coates appeared to suggest that it was more economical 


Galloway stations water which would otherwise run to waste. / 
the capital had already been expended on the hydro-electric statio 
there was no saving in capital chargesif they were not run. There W 
however, a saving in cost of fuel if they were run instead of stea: 
stations. The advantage possessed by the hydro-electric stations | 
quick running-up and shutting-down and their use in controlling f 
quency were indicated in Figs. 51 and 52, which showed the outp 
of the Galloway stations on the 11th November, 1937, througho 
the day and during the Remembrance Period respectively, | 
Mr. Coates’ surprise at the value of a hydro-electric scheme : 
frequency-control was difficult to understand. The question w. 
that of trying not merely to maintain the frequency at 50 cycl 
second under varying load-conditions, but, while doing so, i 
maintain the maximum “ thermal” efficiency of the system, 
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the Scottish Grid there were frequently during the winter compara- 
vely rapid increases and decreases of load. To attempt to control 
quency in those circumstances by varying the output of a base- 
d station would obviously prevent it being operated at its best _ 
ciency and would also cause complications in the boiler-house. 

hydro-electric stations such complications did not arise, and the 
ictice therefore in such circumstances was to instruct the hydro- 
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electric station to vary its load with a view to maintaining cons 
frequency. wan 4 
Several contributors to the Discussion had referred to the imp ort 
ance of the peak-load problem and had expressed the view that i 
would be possible for a long time to deal with the peak load by 
retaining in service the older and less efficient stations. The deman 
for power in Great Britain was increasing by at least 1 millio 
kilowatts per annum, so it appeared that there would be plenty 02 
work for the less efficient stations in dealing with the long-hou 
portion of the peak load, and that there would also be a necessity fon 
stations which could economically deal with the upper and finer 


bann 


_ parts of the peak. In the opinion of the Authors it was doubtfui 


whether it would ever pay to put in inefficient plant for the sake o 
keeping down capital expenditure, and also whether it would pay tc 
use the sites of old stations for short-hour peak-load plant. Those 
stations, because of their situation in relation to the load and theiz 
site-facilities, would generally be of more value for dealing with th: 
longer hours of the peak, leaving the shorter hours to be served by 
steam stations of highly-specialized design, by oil stations, or possib 15 
by pumped-storage plants. | 
Mr. Mountain, in reply, observed that he was indebted to the 
President and to Mr. Coates for their support to the suggestion that 
re-examination of water-power resources would be of value, to ena 
a comparison to be made with the cost of generation by steam statio 
He also wished to thank Mr. Williamson for contributing to the Dis. 
cussion a note of some of the essential factors which, in the con 
sideration of hydro-electric schemes, were conducive to a low cos' 
per kilowatt of installed plant when designed for peak-load operation 
and to thank Mr. Bridge for his statement of the conditions that would 
justify the development of water-power for the combined operation 6: 
steam and hydro-electric generation. a 
It had been mentioned in the Discussion that the Galloway schem 
hardly fulfilled the requirements of a peak-load station, and Fig. 58 


which was a typical load-duration curve, applied to the electrica 


requirements of Central Scotland and of North-West England 
showed that the Galloway scheme did take an intermediate positio 
between peak-load and base-load operation. The possibility o 
using obsolescent steam plant to generate the greater part of thi 
peak load was not overlooked, and that method had been recen th 
referred to at an informal meeting of The Institution, when th 
subject of electrical peak-loads had been discussed. as 
The comparison between the total cost of electricity 
Galloway hydro-electric scheme and the cost of electri 
existing steam generating-stations which had not been desig: 


specially to deal with peak loads was given on p. 419. That com 
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the cost of electricity from the Galloway hydro-electric scheme. 

The capacity of the 132-kilovolt transmission-line was dependent 
within certain limits on the power-factor of transmission, and from 
that point of view it was true to say that the addition of the Galloway 
yenerating plant increased the capacity of the transmission-line 
between Kilmarnock and Carlisle, by providing a source of reactive 
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parison was shown in Figs. 54 and 56, firstly expressed as the cost of 
generation per kilowatt-hour and secondly expressed as the cost of 
generation per effective kilowatt-year. It was agreed that the cost 
of generation of electricity from a steam generating-station designed 
specially to deal with peak loads might be equal to or even less than 
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kilovolt-amperes. Fig. 56 showed the voltage-regulation for . 
132-kilovolt single-circuit transmission-line, and illustrated the fous 
examples given in Table XVII on p. 412. 
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INTRODUCTION. 


Cuays may be defined as rocks which are either plastic or can 
develop plasticity when wetted, their plastic properties being due 
‘in some cases to the development of specific clay minerals, but in 
other cases only to the extreme fineness of their particles. ' 


Varieties of Clay. 
Clays generally may be divided into four main groups, of which 
No. (4) in the following list is the most widely distributed :— 


(1) China-clay and laterite. 
(2) Loess. 

(3) Boulder-clay. 

(4) Sedimentary clays. 


China-Clay and Laterite—China-clay and laterite are clays formed 
“in situ’’, the former by hot-water decomposition of highly fels- 
pathic rocks, such as granite, with the formation of the so-called 
typical clay substance, kaolinite (hydrated silicate of alumina). 
Laterite results from the leaching action of hot moist surface-con- 
ditions on exposed basic rocks, and it consists mainly of alumina 
with iron oxide. (Bauxite is a variety of laterite.) 

 Loess.—Loess is a wind-borne fine dust of indefinite composition, 
‘though generally derived from glacial detritus, originating in mid- 


by ‘Correspondence on this Paper can be accepted until the 15th July, 1938. ae 
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_ plasticity to its rock-flour content. 


_ are mainly quartz, felspars and micas, with a fair proportion ot 
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continental areas which are subject to constant strong winds. The} 
areas in which deposition occurs are often semi-desert, and great i 
thicknesses of the fine friable material may accumulate. In less} 
arid conditions the fine deposit would be washed away by water. 

Boulder-Clay.—Boulder-clay is glacier-transported material gener 
ally occurring in ground-moraines. It is essentially unweathered 
rock-flour, together with larger rock fragments produced by glacial | 
grinding. It contains little of true clay-substances, and owes its 


Sedimentary Clays——Sedimentary clays are compressed and 
partially dried-out muds, and are those with which engineers aré 
generally concerned, particularly in the London area. The muds | 
from which these clays are formed are the finer kinds of river-borne } 
sediment, originating in the weathering denudation of rocks, and aré 
deposited in water of moderate depth in lakes, lagoons and estuaries, 

The mode of deposition of sediments is mainly that of the river 
depositing what it cannot carry in suspension because of its reduced | 
speed ; thus, in the higher reaches of a river where the flow is fastest, 
pebble and gravel beds are formed. As the flow becomes slower, the 
deposits are graded down to fine sand, with finally silt and mud in| 
its estuary where the flow is very sluggish. Another factor in this 
sedimentation is that the admixture of salt water causes precipita: 
tion of minute particles of colloidal size, previously held in suspension, 
by breaking down their mutual repulsion. e ; 

It may be of interest at this stage to trace the sequence of the 
various types of the whole group of what might be called the argil- 
laceous or clayey sedimentary rocks. As pointed out previously, 
the origin of this group is river-borne muds, and the subsequent 
types of solid rocks are produced from these original muds by com= 
pression due to the increasing thickness and weight of the overlyi 
strata. 

The sequence is first mud, then clays, and then shales; and, i 
somewhat unusual circumstances such as occur in seismic disturbances 
involving mountain-building movements of the earth’s crust. witl 
lateral compression, slates may be formed. 

The increasing hardness of these rock formations is due primaril} 
to the compacting and the squeezing-out of the free water, with the 
result that when shale and slate are reached, there is practically no 
water left in the rock, although in these latter rocks the further com- 
pacting is due to the development of new minerals. : 

The fine mineral particles transported to these estuarial reaches 


hydrous alumino-silicates (clay-substance) which are even more 
finely divided. In addition to these primary minerals, other mineral 
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nay arise in the sediment, such as gypsum, calcite and dolomite by 
recipitation from sea-water; carbonaceous matter from marine 
rganisms and plant debris; and pyrites and other iron sulphides 
com bacterial action in the mud. In well-compacted clays secondary 
nica (sericite) may develop at the expense of the various alumino- 
licates present. 

What is known as London clay is a sedimentary clay formed in 
his manner. A typical example, as freshly dug, was a stiff greenish- 
rown clay, with a damp feel, and tended to exude water in droplets ; 
5 contained 26:3 per cent. of water which was removed by drying at 
05°C. An analysis of a dried sample is :— 


: Per cent. 
Silica . ; : : é : ‘ : : : . 54-1 
_ Alumina : : : : : : : : : . 20°5 
Ferric oxide ‘ : F , z . F i . 43 
Ferrous oxide : ; ‘ j ; 3 ; ; eee 
Tron sulphide ; : ; - : : : : sui lss 
Lime . ; ‘ ¢ ; . é : : . seed, 
Magnesia. ; 3 : : 4 : : 5 ab 
Alkalies as Na,O & K,0, etc. (by difference) . ¢ ’ . 43 
_ Titanic acid . sal ak F : ; ; ; ; - 09 
Sulphates (SOQ,)_ . : , ; ; ; , ‘ . 02 
_ Carbonates (CO,) . : : ; ; ; - ; eS 
_ Carbon ‘ : : : : : ; f , . 0-2 
Combined water : : : A : : 3:8 
100-0 


‘From these figures, together with various physical tests, it can be 
ralculated that the mineral composition of the dried clay would be 
pproximately as follows :— 


¥ Per cent. 
- Quartz - i : ; 26-0 
Felspar and mica . 5 : ‘ = , . 28-0* 

Kaolins F : : ; ; f : : ‘ 2107 
Easily soluble ferro-magnesium minerals . i i 5 . 15-4 
Limonite i . k . é . 2:0 
Calcium carbonate 2:5 
- Magnesium carbonate . . : 5 ; ; 3:3 
_ Gypsum - : : : 0:3 
_ Pyrites ; : ‘ 1:3 
| Organic matter. - 0-2 
100-0 


* Possibly, felspar, 12 per cent. ; mica, 16 per cent. 


te 


The principal mineral constituents of clay are quartz, felspar, mica 
clay-substance. Quartz is chemically all silica. It is the main 
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constituent of sand and is a hard crystalline substance insoluble im 
water. Felspars are chemically alumino-silicates of soda or po 
or soda and lime. They are minor constituents of sand and of aboutt 
the same hardness as quartz, but decompose under weathering action 
more readily than quartz. Micas are complex hydrous alumino-- 
silicates with well- developed cleavage ; there are three main type 
(a) biotite, containing iron oxide and magnesia, (b) phlogopite, con-- 
taining magnesia, and (¢) muscovite, a potash mica. They are fai y 
soft minerals, and their fragments in sediments are of a platy or flak 
character. Clay-substance, kaolin, a hydrated aluminium silicate | 
is the typical mineral constituent of china-clay, and to some extemitt 
is present in all clays. It is produced by the decomposition of the! 
felspars and occurs in very small plates. It is believed that in mo bt 
clays the clay-minerals present differ from kaolin in containin ) 
besides alumina, silica and water, varying proportions of iron oxides 
and alkalies. Most of them, moreover, show no crystal form but « 
amorphous gels. 

The quartz, felspars and micas could possibly be identified in 
clay under a powerful microscope, but it is doubtful if the mos 
powerful instrument could discern the matrix, so finely grained i is i 
This moist matrix has the properties of a stiff jelly, and in unaltere 
clay the particles of colloidal dimensions are packed close together, el 
and there is surface-attraction between them, making the ma 
rigid and strong. When clay becomes penetrated by excess wate 
the effect is to remove the particles to greater distances apart and 
reduce their attraction and the consequent rigidity of the mass. 

The Author suggests that the fact of clay having a colloidal 
character cannot be too strongly emphasized, as it must, in his 
opinion, have first consideration in suggesting measures to maintain 
the stability of clay soils. 

In practice, so far as it concerns the properties of sedimentary 
clays, namely, compacted muds deposited in estuaries, it means that 
the colloidal particles of small dimensions can be precipitated by 
neutralization of their electrical charge by the agency of an electre 
lyte, leaving practically solid masses, yet with certain flow-properties 
(plasticity) resulting from the small dimensions of the ultimate 
colloidal particles. 

Mud is changed to clay by its compacting and partial drying-ou' 
together with the squeezing-out of excess water and the packin 
together of the fine particles. Since a large proportion of the 
particles are of platy habit (the micas and kaolins notably so) 
some proportion i is of colloidal dimensions, the adhesion between th 
_ particles is strong and is aided by the presence of a certain amoun 
of water. A good analogy to inet) would be a block of stiff jell 
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n which 25 to 40 per cent. of fine mineral particles has been dis- 
seminated. Such a material would, on absorption of a certain 
amount of water, become an unstable jelly. 

In its undisturbed state, therefore, clay has a fairly strong and 
stable structure, and is almost impervious to water. Exposure to 
prosive agents, however, such as free water, frost, or heat-changes 
nvolving alterations in water-content, causes the structure to become 
nstable by enabling more water to penetrate between the particles 
o an extent sufficient to overcome the adhesion between them. 
Such excess water, in effect, acts as a lubricant and the particles 
slip over each other when any stress is applied to the clay. It 
ollows, therefore, that to have a strong clay-structure the water- 
ontent must be kept at its normal figure. If, however, an unstable 
slay were allowed to dry out it would again become stable (though 
possibly developing shrinkage-cracks) and remain so if protected 
against weathering and excess water. 

The term “ clay,” as the civil engineer knows it, is applied generally 
o brown clay. Deep-seated undisturbed clays are often of bluish- 
prey colour; London clay is of this type. In any blue clay, the 
hange of colour to brown is an index of approaching instability ; 
his colour-change, which is due to the oxidation of the small amount 
of iron sulphide present to iron hydroxide, is an indication that 
aerated water has penetrated the clay, giving a more unstable 
structure due to the breakdown of the adhesion between adjacent 
particles. Most of the surface works discussed in this Paper have 
been in such brown clay. | 


SuRFACE-DRAINAGE OF CLAy SOILS. 


| The most common problem connected with clay is the surface- 
ainage of clay soils. It is evident, having regard to its character- 
istics, that clay must not be permitted to become too dry or too 
wet. Open ditches in clay soils are, therefore, inadvisable if the 
clay is exposed, as in dry weather it cracks, allowing water to pene- 
rate and disintegrate it. This feature, it is suggested, cannot be 
ver-emphasized, as the cause of slips in clay cuttings has at times 
been traced to the presence of an open ditch at the top. Almost 
as unsatisfactory are pipe-drains with the trench filled to the surface 
with very large broken stone or hard-core, as the large interstices 
permit, to an appreciable extent, similar weathering action to take 
place on the sides of the trench and cause the filling material to 


become choked, with the result that the drain ceases to function 
ficiently. 

Where the circumstances demand that expense shall be kept to 
@ minimum, shallow drains, suitably graded and filled with fine 
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- of hardcore or rough stone, topped and graded with a layer of goo 
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ashes, are particularly effective, but where a fair amount of water: 
will require to be dealt with and the drains will be on an appreciables 
gradient, it is advisable that pipe-drains should be laid. Theseg 
may be straight-jointed in instances where they are not subject » 
pressure—particularly side pressure. Where, however, the draing 
has to withstand pressure, socketed pipes should always be used: 
so as to preserve the continuity of the drain should any local defor: 
mation take place. : 

The pipes should be carefully bedded into the clay for the lower 
third of the diameter, the trefich being filled with flints, broken! 
stone, or hardcore, and topped with fine material. The trench should! 
be at least three times the diameter of the pipe, with a minimum! 
width of 2 feet where there is a possibility of the sides of the trench! 
squeezing in and tending to choke the filling material. The be ti 
filling material has been found to be 3-inch flints. Broken stone: 
and hardcore, especially if on the large size, often become choked! 
in time, whereas flints appear to be gradually compacted but remain 
unchoked. | 

Probably the most difficult drains to maintain are those at the 
foot of failway-cuttings in clay. These, being subject to heavy 
adjacerit pressure, are particularly liable to be forced out of align 
iment and level. Experience suggests that the invert-level of pet 
manént-way drains in clay cuttings should not be less than 3 feet 
below rail-level and that they should be bedded on concrete. In 
connexion with such drains the importance of an adequate number 
of inspection-manholes cannot be over-stated. These should iiot 
be at greater distances apart than 150 feet, should be formed with | , 
sump below the invert of the pipe and, if of brick, should have the 
vertical joints left open above the level of the top of the pipe. They 
should be of such a size that drain-rods can be easily used in them, 
4 feet long and at least 2 feet wide internally being a convenier t 
size ; the covers should also be removable by one man. 


Roap AND RatLway CONSTRUCTION ON CLAY SOILS. 


The characteristics of clay soils suggest that for a first-class road 
it will be found that the most economical foundation on clay } 
concrete, reinforeéd as considered necessary after taking into cor 
sideration the pressure the clay will withstand and the loads the 
toad-surface will have to bear. Roads of secondary importance 
might be constructed with a compacted layer of 6 inches of ashe 
on a suitably graded and drained formation, followed by 9 inché 


binding stone or slag, and surfaced with tarred macidam. The 
should be bounded by a substantial conetete cuth and edgin 
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founded below the clay formation, though even in this case it is 
ossible that a concrete road or foundation would be justified and 
More economical unless ashes, hardcore, or stone are readily 
available at a cheap rate. 

_ In connexion with the construction of railways under like con- 
ditions, it is a point for consideration whether, for a new line to carry 
a heavy traffic, the first cost of providing a continuous concrete 
foundation would not be justified by the saving in future main- 
tenance of the track. The foundation might take the form of a 
mattress of weak concrete under a 12-inch layer of ashes and ballast. 
If the concrete foundation were placed at a higher level, say 
6 inches below the sleepers, it would require to be of appreciable 
thickness and suitably reinforced to withstand the loads, particularly 
the impact of rail-traffic at high speeds. If, however, it is con- 
sidered that the expense of the foregoing cannot be justified, it is 
suggested that a compacted layer of 12 inches of fine ashes should 


Fig. 1. 


_ 6" soiling or ashes Track ballast 
a 


Raitway In Cray Currine 


be put down on a drained formation graded to about 1 in 30, the 
top ballast being 14-inch granite, rough stone, or slag. This, 
however, should not be put down until the ashes have become 
thoroughly consolidated under traffic, as shown in Fig. 1. 

‘i _ if the top ballast is put down on a layer of ashes of insufficient 
thickness or before these have become consolidated, the ballast is 
driven through the ashes into the formation, which is then pene- 
rated by water and softened, and the clay is forced up to the 
surface between the sleepers and at the sides of the track. A 
reater thickness of ashes than 12 inches is unnecessary and 
inadvisable, as it is found that this material does not usually compact 
o a greater depth. 

; Drains laid at the side of the track should be placed on a sub- 


he atntensdene of permanent way on a clay formation should 
: by shovel- packing. If beater or any form of percussion-packing 
: used, there is danger that the formation will be damaged and the 
k eventually SN: unstable. S 


464 SEATON ON ENGINEERING PROBLEMS ASSOCIATED WITH CLAY 


TREATMENT OF CLAY SLIPS. 


It is perhaps not generally realized what a large amount of money 
is spent annually by railway-companies alone in remedying clay 
slips. On the Author’s late district—which was perhaps the most _ 
notorious in Great Britain in this respect—the expenditure was and — 
is of the order of £17,000 per annum, most of which is spent on — 
sections totalling 65 miles only. 

Clay slips are usually caused by an alteration in the normal 
water-content of the clay. In the case of clay cuttings this may be | 
due to the clay drying during hot weather, during which surface- j 
cracks form and sometimes reach to a depth of 8 feet below ground, — 
If the clay is in this state and rain falls at a greater rate than the - 
clay can absorb, its structure breaks down and become unstable: | 
It is, therefore, of paramount importance that these cracks should | 
be filled in with fine material and rammed so as to check the drying _ 
out of the clay, and also to stop the ingress of too much water. | 

One of the most effective means of preventing the clay cracking | 
is to cover its exposed surface with a layer of fine ashes, 6 inches at - 
least in thickness, which may be soiled if suitable material is avail: 
able. If a less thickness than this is laid down, heavy rain is not 
absorbed with the result that the ashes may be washed down the 
slope and the clay exposed. 

Reference has already been made to the practice of making ope ] 
ditches at the top to intercept the ground-water as one source of 
slips in clay cuttings. Broken or defective drains may also be @ 
cause, or the free discharge of field drains into the cutting. Th 
making of ponds by adjoining owners has been known to make 
trouble in this direction. The lowering and widening of cesses. 
and taking away the toe of the cutting or its becoming softened by 
inadequate or defective drainage, are other causes. 

When a slip has occurred, it is recommended that at the outse 
an immediate search should be made of the undisturbed ground 
behind the slip and that any surface cracks should be filled in so ai 
to prevent the ingress of water. In certain cases the constructior 
of a wall to retain the slip and prevent its extension is unavoidable 
Walls for this purpose must generally be of massive constructio’ 
and are necessarily expensive. 

It is not proposed in this Paper to discuss in detail the design 
walls to retain clay slips, but it might be mentioned in passing tha’ 
it is important in the construction of such a wall to take the founds 
tion well down into the undisturbed earth below the slip. Wit 
regard to the drainage of the wall, the Author favours dividing th 


ses 
<i 
Lig 


WITH SPECIAL REFERENCE TO CLAY SLIPS. 465 


wall into sections by expansion-joints of an elastic compound, 
each section being drained by means of a longitudinal pipe-drain on 
-a set-off as low as possible at the back of the wall and under a good 
_ thickness of dry backing. The outlet should be taken directly into a 
drain as far as possible in front of the wall, so as to ensure that water 
does not inadvertently get into the foundations and cause sliding to 
take place. Where movement of a retaining wall is occurring, this 
can usually be arrested by the building of counterforts behind or in 
front of the wall, the counterforts to be well bonded into the wall, and 
_ those behind tied also into the main mass by tension-rods or cramps. 
_ It is suggested, however, that wherever possible the construction 
of a wall should be avoided, as, unless the drainage and support of 
- the slip are also undertaken, there is always a possibility of trouble 
at a later date by the wall being subjected to greater pressure 
_ than it was designed to withstand. The slip may also be deeper- 
seated than was apparent, and further movement may take place 
- below the original slip. 

_ The stabilizing of a slip can usually be undertaken by drainage 
and by giving it support. The first step is to provide means, 
possibly of a temporary character only at first, of draining away 
any water that may be met with in the slip. A trench is then cut 
_ through the centre of the slip so as to ascertain the depth of the 
displacement, to release any imprisoned water, and to provide 
- means to take away any that may drain into it in future. The 
' width of the trench will depend on the assumed greatest depth of 
the slip. A usual width is 4 feet 6 inches, but where the slip is 
~ much broken up and believed to be deep, and where extra support 
and working space will probably be required, it may be advisable 
to increase the width to at least 6 feet. The depth having been 
found, arrangements should now be made to lay a permanent 
- main drain to take away any water that may continue to percolate 
- into the slip. If this is along the foot of the slip, the drain should 
be laid on a substantial bed of concrete and the drainage-trench 
well packed with dry filling so as to act as a support to the toe of 
the slip. If in a cutting, it will probably be found that at the 
- top the line of the slip approaches the vertical, and in this case 
_ the top should be trimmed back to a slope of 1 in 3. If, however, 
the limitations of the site prevent this being done, it will be necessary 
to give the undisturbed ground support by counterforts and by 
_ packing some of the disturbed earth against the face. 
The bottom of the trench should be taken below the slip, dished, 


utting, and the top layer of hardcore being broken small. Where 


3 and an open-jointed drain laid on it, the trench being packed with — 
‘hardcore up to the line decided on as the finished surface of the — 
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the sliding surface of the slip is appreciably inclined, the bottom 
of the trench should be benched. 

When the bottom of the slip i is below the level at which a main : 
drain can conveniently be laid in, the excavation for the counterforts — 
should still be taken below the slip and filled with weak concrete 
up to the level at which it can be drained. 

The hardcore-packed and drained trench functions as a counter- | 
fort, giving support to the slip by the friction of its sides. It also 
assists in stabilizing the displaced clay by draining away any water | 
which may accumulate. The number of counterforts to be provided — 
and their distances apart depend on the extent and depth of the 
slip. In difficult cases it is usually necessary to make them a 


ape 2. 


distance apart equal to three times their width. The Author 
was both interested and gratified to discover a few years ago that _ 
Robert Stephenson had, in ‘1840, adopted on the London and | 
Birmingham Railway with success a similar method in dealing with — 
- cutting-slips and had in fact used the same spacing apart of the 
counterforts, making the counterforts 5 feet in width and 15 feet — 
apart. He, too, regarded the slip as a mass of material moving 
down an inclined plane, and proposed to counteract this by the | 
friction of the slip against the sides of the counterforts. The a 
at the bottom was, however, omitted. 
In passing it might be mentioned that experiments have: 
_ made with trenches at various angles, but, whilst some of thes 
quite effective, the difficulty in timbering makes this method m: 
costly than normal trenches which are generally effective. Ver 
unstable material may, however, require additional charts 
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which can be given effectively by a ‘‘ chevron ”’ system of counter- 
- forts between the parallel ones, as shown in Fig. 2. 

The new slope having been decided upon, the excavated earth 
can be packed to some extent between the counterforts and act as 
- support to the top portion of the cutting, if this cannot be trimmed 
back. It is important that the surface of the finished slip should 
be covered with a layer of ashes at least 6 inches thick to prevent 
further weathering action taking place on the clay, and if good soil is 
available to spread over this, it is an advantage. Fig. 3 is a diagram 
of a cutting-slip and shows the remedial measures to be adopted. 

Clay slips have at times been dealt with by burning. This con- 
sists of mixing with the clay that has slipped a quantity of small 
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coal and burning the whole. Sometimes the resulting clinker is 
fairly large, hard and not very absorbent ; water, therefore, quickly 
4 passes through it to the bottom of the slip, and unless means of 
draining this away are provided, further trouble may occur. Often, 
however, the clinker is soft and disintegrates under weathering 
~ action. It does not bind well together, and as the back of the slip 
may approach the vertical little support is given to this. There is 
a possibility also of contraction-cracks occurring In the undisturbed 
clay during the burning owing to the evaporation of the water 
normally present in clay, with the result that the entrance of water 


underlying clay. This method is, therefore, to be avoided. i 


In connexion with slips on clay railw is 
little doubt that the removal of the gravel and ash ballast and the — 
- substitution of stone or slag were the cause of slips, in that they per- 


into these may cause further disintegration and movement in the be 


ay-embankments, there is — ieee 
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mitted the free access of water into the underlying clay. Where the 
track was lifted on the old ballast the trouble was minimized, bu 
in many cases it was not possible to raise the rail-level. 

Slips on embankments are often due to the original ground-surface 
becoming waterlogged and softened. Where embankments are 
formed on sidelong ground, a permanent improvement can be — 
made by laying a drain at the foot of the embankment on the high 
side so as to intercept the ground-water and prevent its percolation 
into and under the embankment. 

Slips at times occur with unfortunate frequency where embank- 
ments have been widened. When this is done, as in the case of new — 
embankments, it is imperative that the original ground should be 
well drained ; otherwise the formation of the embankment may be 
softened and slips occur. Care should also be taken in forming the 
embankment, particularly if the formation is weak and liable to _ 
settle, when some strengthening of the formation may be necessary. 
In any case the embankment should be formed in layers, each of _ 
which should be thoroughly consolidated before the next layer is _ 
laid down, with the surface of each layer falling to the outside of — 
the embankment. The maximum thickness of each layer should — 

be 10 feet. If the formation is weak, the thickness should be less. 
_ The practice of tipping embankments the full height and wider — 
at the top than the finished width, and then of dragging down to © 
the required slope, cannot be too strongly deprecated, especially in — 
clay soils, as the tipped material is not properly consolidated and its 
repeated disturbance alters the natural water-content, resulting in 
initial instability. 

When an embankment is widened the existing slopes should be — 
benched, and, instead of the traditional large benches at intervals, 
the Author favours a series of small benches. Ash-filled drains — 
should be made through the widened embankment at intervals so 
as to take away any water that may collect on the old cess. Where — 
also the tipped material is somewhat unstable, it is advisable to 
form a toe of large broken stone or hardcore at the foot of the 
embankment, and to work ashes into the surface of each layer. . 

Slips occur at times in clay railway-embankments at bridges and 
culverts, especially where the original ground-level is falling along — 
the centre-line of the railway. In such cases an underbridge forms 
a bulkhead and intercepts the ground-water, and, unless adequate 
measures are adopted to drain the water away, slips will occur. It. 
is recommended for bridges and culverts through embankments 
that a longitudinal pipe-drain be placed behind the abutments and 
side-walls under a good thickness of dry backing and below the 
original ground-level. The bridges themselves in these situations 
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z often become defective, and, in particular, the abutments of those 
3 with a girder superstructure move forward at the top and require 
- to be rebuilt or strutted. The movement is always greatest at 
x the left-hand side, namely, in the direction of rail-traffic. In every 
case where movement has occurred no dry backing has been found 
’ behind the abutment. Actually it was the prevalence of this 
movement that caused the Author to make his researches into the 
structure of clay, as he formed the conclusion that he was dealing 
with a material akin to a jelly. 

It is suggested that in connexion with bridges and culverts in 
clay embankments the traditional wing-walls at an angle of 
45 degrees to the abutments are unwise, as it is rare that such a 
wing-wall of any age is not fractured or distorted due, apparently, 
~ to the clay having a wedging action. In such cases it is recom- 
a mended that as far as possible the wing-walls should be kept in line 
_ with the abutments. It might be mentioned here that in one case 
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_ where a thick pier split vertically, the pier was found to have a 
solid core of clay. 


often an advantage, where space is available, to load it with heavy 
- material, such as gravel or discarded track-ballast, so as to drive 
out and stabilize temporarily the moving mass as soon as possible. 
- When movement has been arrested, the procedure is generally the 
game as for slips in cuttings, though possibly the packed trenches 
need not be at such frequent intervals. The trenches should, how- 
ever, be taken to the back of the slip, the track being supported 
ona timber frame as necessary. Ashes and soil are again a necessity 
_ for protecting the new slope of the embankment. Fig. 4 is a diagram 
~ of a typical embankment-slip, and shows the remedial measures. | 


EXAMPLES OF SLIPS. 


At the commencement of a slip in a railway embankment it is” 


It will now perhaps be of interest to mention a few characteristic _ EAE 
amples of slips and the remedial measures adopted to deal with ~— — 


_ be mentioned that some of the worst slips with which the Author 


' site was made, and it was decided that there was a danger of the line 
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them. The first example refers to the efficacy, where space é: 
available, of re-forming a clay cutting to a critical slope and pro- 
tecting the surface. This method was adopted some 17 years ago 
to the top portion of a large cutting-slip, the back of which was — 
almost vertical. The undisturbed earth was trimmed back to a 
slope of 3 to 1, the surface covered with 6 inches of ashes and a 
piped surface-water drain laid in to cut off the ground-water. The — 
result has been entirely satisfactory, whereas similar places in the 
vicinity not so dealt with have continued to break away and slip. 
A number of cuttings in the same district have subsequently been 
cut to this slope, and up to the present no slips have taken place, 
whereas when a steeper slope has been given slips have occurred. 

A typical example of a slip in a railway-cutting was one which 
occurred on the Southminster branch of the London & North 
Eastern Railway, a single line of railway in Essex. Here the — 
cutting has a greatest depth of 30 feet, and shallow slips had occurred _ 
some years ago. The method adopted at that time was to trim _ 
back the toe, to cut shallow drainage-trenches through the slips at 
intervals and roughly to fill these with hardcore overlaid with ashes, 
the excavated clay being heaped up between the trenches. It may 


has had to deal have been those where this method has been adopted, _ 
as the displaced material is usually in a state of unstable equili- 
brium, and, when it begins to slip, moves rapidly and exerts con- 
siderable pressure. 

In this instance the first indication was a slight lifting and slewing | 
of the track. On this being reported, an immediate inspection of the 


becoming blocked if support were not given to the toe of the cutting. 
Timber was quickly taken to the site and the slip strutted tem- 
porarily as shown in Fig. 5. 17-inch by 2}-inch sheeting was placed 
vertically at the toe, in front of which was a 14-inch by 7-inch 
horizontal waling with another short one in front of the joints. 
The waling was then strutted by 14-inch by 14-inch timbers at 
5-foot 3-inch centres placed between the sleepers of the track and 
wedged against a continuous 14-inch by 7-inch waling at the foot 
of the cutting on the other side of the track. The strutting saved — 
the situation, and as a measure of the pressure exerted by the slip 
it may be observed that the 14-inch by 14-inch struts were forced 
more than an inch into the walings in several cases. __ a 
The position having being made secure temporarily, steps were 
then taken to stabilize the cutting by cutting drainage-trenches 6 feet 
wide through the slip, which were spaced 18 feet apart and packed 
with hardcore, and by trimming back the slope to 1 in 3. On 
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excavating the trenches the clay in the slip was found to be much 
broken up, several slips being found, whilst the preceding dry years 
_ had formed fissures some 8 feet in depth in the clay in places. The 
_ unstable character of the material generally and minor slips necessi- 
tated in some places counterforts of a “ chevron ”’ pattern between 


Fig. 5. 
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the main trenches. During the cutting of the trenches opportunity 
_ was taken to record the sliding-surface of the slip; this is also 
shown in Fig. 5. ‘The slip extended over 3 feet below rail-level, and 
a method of supporting the toe was adopted that had proved 
- successful in similar instances. 
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The permanent drain to be laid alongside the track to take the = 
water away from it and the drainage-trenches was concreted-in on 
as shown in Fig. 6, openings being left at the joints of the pipes for 
the ingress of water, whilst the continuity of the concrete around = oF: 
id above the pipes was obtained by reinforcing it longitudinally te 
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_by old rails. The reinforced-concrete beam thus formed has been — 
found to be a satisfactory method of holding the toe of a heavy — 
slip of this character. One advantage of this method over a retain- 
ing wall is that, should there be a forward movement, it is below the 
track and does not affect the clearances. 
The third example refers to an embankment-slip extending over 
34 mile. The embankment had been tipped on sidelong ground ; it 
supported a double railway-track carrying a heavy main-line traffie 
and had been unstable for a number of years. A wet season, followed 
by a heavy fall of snow, was succeeded by a rapid thaw. Shortly 
after this a length of embankment on the low side commenced to 
move and the track subsided faster than it could be packed up. — 
On taking over the remedial work the Author had trenches cut in 
the embankment and found that a basin had been formed in the — 
original ground-surface which was badly waterlogged. The basin 
was drained permanently by pipe-drains discharging into a nearb 
stream, and rubble counterforts were constructed to give support | 


taken to prevent the continued percolation of water under it. These: 
consisted of pipe-drains at the foot of the embankment on the high - 
side. In laying the drains a considerable volume of water, which | 
had undoubtedly been finding its way under the embankment, was” 
met with in places. The measures taken were entirely successful 
and the bank became more stable than for many years past though ~ 
subject to a heavy passenger and goods traffic, the former attainin, 
high speeds. 

Though not strictly in a clay formation, it will perhaps be of 
interest to refer, in conclusion, to a cutting which at the time of 
its construction nearly 100 years ago achieved a somewhat unen- — 
viable notoriety, namely, that taking the former Eastern Counties 
Railway through Brentwood hill, Essex. This cutting, which is | 
60 feet in depth, is driven through what are known geologically as 
the Bagshot beds. The London clay here passes upward into the 
Bagshot sand and there is no marked plane of separation. The 
sand and gravel deposits are probably post-glacial ; they are irregular 
in structure, and the sand in places contains water. Considerable — 
difficulty was experienced in making the cutting owing to the nature _ 
of the sand and silt, from which the water could not be separated, 
the tendency being for the silt to flow away with the water. Large 
slips occurred and the work was almost at a standstill until an 
ingenious scheme of well- -drainage was evolved. This took the form 
of an upper and lower series of wells in the wettest part of the 
cutting, the upper series discharging into an open brick-channel 
on a benching half-way up the slope. A gravel counterfort was 
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"provided to support the toe of the slope and also to hold back the 
silt while permitting the free discharge of water. The wells were 
 steined as in ordinary well-work. Each well had an outlet-pipe 
= di h . : . 

_ discharging into an open drain. The system proved very successful, 
_ the only trouble that occurred subsequently being due to the 
% partial collapse of some of the wells which blocked the outlets. 


Fig. 7. 
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Brentwoop Courtine, Essex, in 1840. 


The wells became surcharged with water and burst, and local slips 
_ were caused. It fell to the lot of the Author to make good the 
_ slips and recondition the drainage-system. In so doing the wells 
- were brought up above ground-level and fitted with wooden covers 
_ which prevented animals, etc. from falling into the wells and block- 


Fig. 8. 


logis top 


Glazed earthenware channel 
x Timber top 


NWT 


Brentwoop Curtine, Essex, in 1930. 


4 ing the outlets. The covers also obviated the considerable expense 


occasioned in cleaning out the wells. 
Fig. 7 shows the cutting as originally drained in 1840, and Fig. 8 
the reconditioning carried out in 1930. This cutting is referred to 


in Volume III of the Minutes of Proceedings.! ? 


f some Slips in the Londo 
way.” Minutes of Proceedings Inst. C.E., vol. ii (1844), P. 185. 
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In this Paper the Author has endeavoured to inve 
generally the character of clay, to ascertain its tendencies, an 
formulate methods for overcoming its idiosyncrasies. The meth 
suggested appear to be confirmed by experience in actual cas 

having regard to the characteristics of the material. It is realiz 

2 however, that it is only possible to lay down general principles a 
not hard-and-fast rules, as the factors in each case must be treated 

—— on their merits. - | 
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‘The Avruor exhibited a number of lantern-slides illustrating his The Author. 
per. He explained that the Paper had been written with a twofold 

bject, firstly, in the hope that young engineers would find it useful 

s a record of a somewhat varied experience in dealing with clay, 

nd, secondly and more importantly, with a view to stimulating 

esearch into the structure of clay. He called special attention to 

he colloidal character of clay, and to the impairment of its stability 

f the normal water-content were exceeded. 

An important point about the drainage-manholes shown in Fig. 1 

p. 463) was that such manholes were often covered with enormous 

labs of natural or artificial stone which required several men to lift 

hem. He would never use a manhole-cover too heavy to be lifted 

yy one man, as otherwise there was a tendency for the cleaning of 

na nholes to be neglected, resulting in the drains becoming silted up. 

i was most important that the manholes should be kept clear of silt. 


Fig. 9. 
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ig. 9 showed a suggested method for widening embankments in 
soils. The Author stated that he knew from experience that 
ble often occurred in connexion with widened embankments, 
d he attached great importance to the drainage of the surface on 
h the embankment was formed. Where the material was 
table a rubble toe such as was shown was of great value. In the 
h of England, where large blocks of stone were available as 
y-refuse, he had held slips by massing blocks at the toe. It 
ld be noticed from Fig. 9 that ashes were worked into the surface 
ach layer ; where the clay was very sticky that had been found 
e advantageous. 

t one cutting on the Woodford and Ilford line counterforts had 
constructed obliquely. The clay slips in the cutting had been 


The Author. 
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burned some years previously. The burnt clay was on the move :f 
whole time, which made timbering difficult, especially for the oblid 
counterforts; for that reason he did not recommend that form 
counterfort, as it did not appear to be more effective than 
vertical form. 

Modern cuttings in clay were often taken out to a slope of 1 i 
he had never known such a cutting give way or show any signsi 
slipping, provided that the clay had been properly protected agai: 
weathering action. ; 

Fig. 10 showed a typical slip at an underbridge in a clay emba: 
ment ; he suggested that the bridge had been acting as a bulkhe 
and holding up the ground-water, with the result that the formati 
on which the embankment had been tipped had become softe 
resulting in a slip. He had known many such instances. : 

He had mentioned on p. 469 that the abutments of girder und 
bridges sometimes moved forward and broke away from the wi 
necessitating complete rebuilding. Bridge-engineers were nf 
taking the loads on abutments well back from the face, and it ¥ 
advisable that that should be done, as with the ordinary flat be 
plate there was often a great deal of weight on the face of the wi 
which tended to encourage the type of failure mentioned. i 

Clay slips were responsible for many cases of so-called coe 
erosion. During many centuries land had continually been 
from the east coast of England, and particularly between the Thar 
and the Wash. Cities and harbours had disappeared and mou! 
of rivers had silted up. In many cases trade and industry had ] 
the districts affected. Valuable land and property was at pres¢ 
seriously menaced, and the general position was now so grave th 
remedial measures would seem to be a matter of national importam 
Recently there had been extensive cliff falls at Cromer, Horsey’. 
been inundated, the sea-defences at Lowestoft had been breach« 
and road access to an important aerodrome was seriously threaten: 
The sea-walls in the river Crouch had been breached, and seve 
thousand acres flooded at high water. The situation at Frinton- 
Sea, shown in Fig. 11, was most disquieting. In that case 
many others, erosion by the sea was a minor circumstance ; ‘heb ; 
of the cliffs gradually broke away, became disintegrated, and sli OE : 
Fortunately the prevailing wind during winter was northerly a 
during the summer southerly, but occasionally wave-action in hea 
gales removed great quantities of fallen material from the toe of 
slips. Attempts had been made to stem the destruction, but 
only temporary success, and they would serve to make the ultima 
catastrophe of greater magnitude. The most important proble 
to maintain the stability of the soil, and the longer that re 
measures were put off the more costly they would become. 
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Fig. 13. 


FOLKESTONE WARREN AFTER SLIP IN 1915. 


Fig. 14. 
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ustrate that natural slips were not always due to erosion, he would The Author. 
ention that a hillside, also in Essex, miles away from the sea, had 
arted to come down on its own, slipping in just the same way as 
@ embankments and cuttings to which he had referred. 
Mr. F. E. Wentwortn-Sueiips remarked that the Paper had been mr. 
ritten at the suggestion of The Institution’s Research Sub-Com- veo 
ittee on Earth-Pressures. It was many years since the particular ies 
pect of soil-mechanics in question had been discussed at a meeting 
‘The Institution, and they felt that it would interest all engineers 
ho had to do with the stability of earth. The remedy of slips such 
, those discussed by the Author was a problem that had not yet 
sen completely solved. A Paper such as that under discussion 
rved to draw attention to the very fine work that was being done 
y the Building Research Station in the investigation of slips such 
s those described, and in the question generally of estimating what 
4e stability of an earth structure really was. That work was a 
iece of real engineering research, in that it was not only a funda- 
ental research into the properties of soils but also an endeavour to 

ly science to the practical problems of the engineer. The amount 
“money spent on that research was trifling, he ventured to say, 
pmpared to the amount that was wasted on account of present 
morance of the subject, and the Building Research Station had so 
wr been handicapped by want of funds and of staff. He felt that it 
as of the greatest importance not only that the Building Research 
ve should be supported in its work on the subject, but also that 


2 


work should be extended to all the college laboratories in the 

tited Kingdom, so that an engineer could have his soils readily 

ted by a local laboratory, and, moreover, that young engineers 

ht be taught how to carry out such work and how to apply their 

wledge to economic design. 

he Committee had realized that the questions with which the 

shor dealt would make the subject of an admirable Paper and 

ald provoke an interesting and helpful discussion. The Paper 

ught out the facts that clay could either be a very good and 

ble foundation or backing or a very bad one, and also that the 

erties of a clay could be varied within very wide limits, and 
d be immensely improved by works such as had been described. 

the Paper, designed to reduce its water-content. A few years ago 

Bremerhaven he had been greatly interested to see that wells and 
ains were being sunk behind one of the big quay-walls. As there 
‘as no outlet for the drain into a cutting alongside, the wells had 
) be pumped out ; the amount of water taken from them was small, 
tit was claimed that the mere fact of removing that trifling amount 
water had an immense effect on the stability of the clay. Many~ 
yblems of a similar nature called for research in soil-mechanics, 
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and it had to be admitted that Great Britain was behind certain ot 
countries in that study. It was for The Institution of Civil Engine 
to see that that position was remedied. 
Dr. R. E. Srrapiine remarked that, though he himself was ne 
specialist on soil-mechanics, he had a group of colleagues at 
Building Research Station who were working on that subject, wk 
was of great importance and interested him very much. He: 
his colleagues were very grateful to the Author for bringing forws 
his practical experience, which would be of the greatest help to: 
one working on the subject. At the same time, he had to ackn: 
ledge a feeling of disappointment with regard to pp. 457 to - 
of the Paper, as the outlook there displayed took no notice att 
of the vast amount of work that had been done on soil-mechanies¢ 
Professor Terzaghi and his followers, to which engineers in ¢ 
countries were paying great attention. He ventured to suggest t 
the composition, structure, and characteristics of clay as portray 
in that introductory section were not those which mattered to | 
engineer, apart from the Author’s emphasis on the question 
moisture-content, which was universally known to be of yi 
importance with the type of material in question. The works 
Terzaghi and others abroad, and to some extent the work 
Building Research Station in England, had emphasized again 
again that it was possible to take samples of clay and other sq 
to examine them in the laboratory, and from the data so obtaine 
carry out a design of an earthwork founded to some extent at r 


on reasonable data and with a mathematical basis. 

He did not wish to infer for a moment that the design of earthwo 
would ever be reduced merely to mathematics, because he did - 
believe that that would be the case ; the practical experience of 


in his estimation a tremendous step forward that it sho 
established, at any rate to some extent, on a fundamentally sou 
basis, though that did not seem to have attracted the attentio 


other countries, For two reasons in particular, which he wo 
discuss, he was very concerned about that fact. The handling; 
earth and the building of earth structures was one of the o 


concerned with his practical experience and was rightly proud of! 
In dealing with matters that depended very largely on practi: 
experience, great care had to be taken to allow for any changes! 
the conditions on which that practical experience had been bas 
Engineers, however, were now seriously altering those conditi 


A 
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enormously by modern methods that it was wrong, he would Dr. Stradling. 
ggest, to argue that because it had been possible to build an em- 
nkment on a certain site by the methods of 30 years ago it would 
- equally possible to build a bank on the same site by modern 
ethods. Secondly, modern methods provided a much higher 
gree of consolidation. Most engineers at any rate would consider 
at to obtain consolidation was the principal desideratum in 
uilding an embankment, for instance. He thought that that was 
irticularly true with the older methods of building, but recent 
ork had indicated that modern methods of mechanical handling 
ight in certain circumstances produce excessive compaction. 
ne very interesting suggestion had been made ! that the consolida- 
on of a bank could be so great and the clay in such a condition of 
yness that when water reached the bank the whole mass might 
pand and slip on the foundation underneath. He thought that 
ose two points were worthy of consideration at the present time. 
e was not suggesting for one moment that modern methods of 
mstruction should be given up ; such a suggestion would obviously 
» futile. He did suggest, however, that it might well be dangerous 
. adopt modern methods of construction, which were a departure 
om earlier practical experience, and not at the same time to adopt 
1e methods of calculation which were produced by modern methods, 
ad which were necessarily associated with them. 

‘The Building Research Station had been fortunate in having some 
sry good friends who were members of The Institution and who had 
ven them facilities for investigating jobs where troubles of the 
mes discussed by the Author had occurred. The facilities thus 
yen for studying practical conditions had been of immense value. 
; would be no exaggeration to say that the Building Research 
tation had learnt more from the work of the last 8 months in 
nexion with failures of that character than from the whole of the 
ork of the previous 5 years. 

Tt might seem that his remarks were rather far from the subject: 
‘the Paper, but he would like to close by saying that many junior 
embers of The Institution came to see the Research Station when 
1 leave from abroad; their visits were very enjoyable, and he 
arned a great deal from talking to them. Almost the first question 
1at most of them asked, however, was, “ Are you doing any work 
1 soil-mechanics ? Where can we obtain information about soil- 
echanics?” It was for that reason that he felt so strongly on the 
atter, appreciating the difficulties which confronted the younger 
en. The Institution had put its hand to the subject, through the rage co 
earch Committee and the Sub-Committee, which had been brought Ao 
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into being largely by the efforts of Mr. Wentworth-Sheilds, but 1) 
work was still being hampered by lack of funds. The Governma 
had put up a considerable sum for the work, and as a member of ¢ 
Earth Pressures Sub-Committee he could say that that Sub-Cog 
mittee was most anxious that the work should be expanded and th 
its importance should be fully recognized in England. 4 
Mr. GrorcE ELtson said that so much remained to be discover 
with regard to the characteristics of clay and its propensity to s 
that the present Paper was very welcome. Whilst the best metha 
of treating slips‘when they occurred should be on record, it was, in 
view, of greater importance to know what course to follow in ore 
to prevent them. The occurrence of slips in the cuttings ai 
embankments of railways after they had once been put into use vi 
extremely inconvenient and very costly to remedy, particule 
when modern fast and heavy traffic had to be maintained. Ey 
costs incurred during construction for the prevention of slips vi 
small compared with the cost of repair work. Very little was reai 
known with regard to the angles of repose of various types of @ 
particularly when wet. They might vary from zero up to an ultima 
limit of perhaps 1 in 2, which was probably the steepest slope 
which any clay cutting or embankment should be made. ' 
Clay embankments involved greater risks and danger than ch 
cuttings, as the results of possible slips were more serious. If, . 
example, an embankment dropped away 6 or 8 feet below the I: 
it was much more difficult to get the traffic going again than if + 
side of a cutting merely slipped on to the line. For that reasom,| 
two recent extensions of the Southern Railway, clay had not be 
utilized for the making of embankments except under very 1; 
conditions. It had been preferred to import dry filling for + 
embankments, tipping the superfluous clay to spoil. The fill 
generally consisted of debris from various slum-clearance @ 
similar schemes, and contained a great deal of hardcore. It ex 
very little, and was extremely useful. A small amount of clay b 
been used in the core of the embankments, the rule laid down bez 
that the height of the clay core should not exceed one-half the heig 
of the embankment from ground-level, and should in no case exee 
12 feet. The remainder of the embankment, whatever its heigg 
was tipped with dry filling superimposed over the core. 
illustration of the variable character of clay, he had in mind t 
embankments within 20 miles of London, each 3 or 4 miles in leng 
and each carrying fast and heavy traffic. One of those e 
ments retained its 1-in-2 side slopes fairly well, with occasional 
here and there ; the other, although formed of apparently stiff 
for the whole of its length on either side, had spread out into t | 
fantastic shapes and slopes. He understood from previous s pea ki 
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that further research into the properties of clay was contem- Mr. Ellson. 
plated. If that resulted in giving guidance to engineers as to the 
safe slopes at which clay embankments and cuttings could be allowed 
fo remain under the variable conditions of the English climate, it 
would be of very great importance, especially as in the next few years 
the construction of many new roads might be undertaken, though it 
remained to be seen whether any new railways would be made. The 
euttings for those new roads would be subject to precisely similar 
conditions as railway-cuttings, but it might be that the embank- 
ments would not be subject to such punishing conditions as railway- 
embankments, inasmuch as road-surfacing would tend to waterproof 
4 top of an embankment, whereas no such advantage would ordin- 
ari y be obtained by the laying of railway-tracks. 
~ During the last 3 years the rainfall in southern England had been 
nerally well above the average; in 1937 it was about 41 inches. 
he period had been very crucial for all sorts of embankments, 
icularly from about December, 1936 to March, 1937. Various 
ps had occurred on the Southern Railway, some of which might 
-of interest. Fig. 12 (facing p. 476) showed a cutting on the St. 
er branch, where slips took place on the banks that had been made 
out 9 years ago. The slope of the side of the cutting was 1in 2. The 
wer three-fifths of the slope seemed to remain stable, but the upper 
, when it was saturated with water, came down; the method of 
porting that upper part by concrete arches as shown had been 
d to be more economical than the ordinary method of herring- 
e drainage. Hardcore drains were incorporated in the piers of the 
ches, those piers being constructed in such a manner as to allow of 
ee percolation of water from the surrounding clay. The Author 
ad shown cuttings with slopes of 1 in 3, but such cuttings involved 
uch more expense for land—especially in the vicinity of London— 
1d much greater cost in excavation. There should be some happy 
an for the slope—whether 1 in 2, 1 in 24 or 1 in 3 could probably 
ot be said definitely without further research, and then only on the 
erits of each case. He mentioned that because he did not wish any 
to go away with the idea that if 1-in-3 slopes were employed the 
plem would be solved ; economic reasons might preclude such a 
lution. 
A cutting had just been completed on the Motspur Park line with 
opes of 1 in 23. In that case perpendicular hardcore drains had 
sen used, with herringbone drains at the top, which he considered 
ght all the water that came over the edge. The perpendicular 
of the drains were made in much the same way as the Author 
described (pp. 465-466). 
e of the most baftling slips with which he had ever had to deal 
en about 2 years ago in a cutting at Botley only about 20 feet 
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deep; it had behaved in a most unreasonable manner. Every d 
for 8 or 9 weeks the site of the tracks was pushed up about 18 ineh 
or 2 feet, and single-line working had to be adopted. Borings we 
made and it was found that the water-level was at a depth of abo: 
15 feet. The clay did not look particularly wet, but it kept ¢ 
slipping down and pushing the railway up, and nothing that wy 
done would stop it. It was no use putting in hardcore drains in: 
case of that kind; the trouble was due to lateral movement of tlt 
clay, and in the end concrete stops or piers had to be put in ak 
5 feet away from the side of the nearest track; and taken down In 
hard ground. The stops were 6 feet by 4 feet in section, and . 
between each pair of stops steel sheet-piles were driven right throug) 
into the hard and strutted so as to make a cut-off and prevent th 
movement of the clay from going under the site of the tracks. TI 
usual drainage-works were then carried out in the 6-foot way, a 
there had not been any further trouble. There was nothing ves 
wet or sloppy about the clay, and if any one could explain 
it was that happened he would be very grateful. 
A slip had occurred at Winchfield 2 or 3 years ago at a very W 


70 feet deep. The ground was a sandy loam which was a lil 
clayey, and during that rainy period it had been possible to push’ 
walking-stick right up to the handle into the soil. There was x 
real plane of slip, the material being very soft throughout, and. 
became necessary to excavate about 80,000 to 90,000 cubic yards ‘ 
debris by mechanical diggers in order to render the bank stabl) 
There was one particularly wet patch at the foot of the bank whee 
the earth was taken out to a depth of about 3 feet below rail-levy 
and replaced by Dungeness shingle, which was soiled over and planté 
with willows. (It had been found that willows absorbed a good deal 
water.) The finished slope of the cutting was about 1 in 24, andt 
length of the slope was about 250 yards. Concrete stops were al: 
constructed along the foot of the bank to prevent the formatior 
the tracks being pushed up. <a 
A slip of millions of tons of material took place in Folkesto 

Warren in 1915, Folkestone Warren (Fig. 13, facing p. 477) consiste 
of chalk debris overlying gault clay, the latter varying from 160 feet 

thickness at the back near the cliffs to a much smaller thicknes 
the edge of the sea, The various slips of the chalk debris over th 
top of the gault had worn its upper surface into a rough angle leadin 
from the high cliffs to the foreshore ; that upper surface of the gaut 


the gault without striking any water at all, even when the bori 
were within a few feet of one another. At one point the chalk f 
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the high cliff at the back slipped down over the outer chalk detritus Mr. Hilson. 
and went out into the sea for about a third of a mile. The islands 
shown in F%g. 13 consisted of gault which was squeezed by the pressure 
at the foot of the high cliffs and came up on the foreshore, generally 
at the period of low water of spring tides, when the water-pressure 
on the foreshore was lowest. 

_ Drainage of the water from between the gault and the chalk 
detritus of the undercliff was effected by driving a large number of 
headings from the foreshore, and they released a great amount of 
water. For some reason during the last few years the rate of erosion 
of the undercliff had increased, and he had been rather concerned 
about that and had built a concrete wall 8 feet 6 inches thick, rein- 
forced with old rails, on the foreshore right along the foot of the 
undercliff to a point where high-water mark was some distance from 
the railway. 

“ The slip remained fairly quiet from 1915 until early in 1937, when 
th re were some months of extremely heavy rainfall, between 15 
and 16 inches of rain falling in the first 3 months of the year, That 
began to disturb the conditions. The wall had prevented the 
erosion of the undercliff, but resulting from the heavy rainfall 
nother movement began at the western end of the wall. It extended 
er 35 acres, and perhaps half a million tons of material slipped. 
bout a quarter of a mile of the wall was moved, the western end 
ing pushed 90 feet out to sea. It was cracked in several places 
not destroyed ; in fact it did its work excellently, and held up 
material behind it very well. Fig. 14 (facing p. 477) showed 
iow the undercliff came down. The gault in the foreground slid 
ander the wall, which was about 18 feet high from the foundation, 
+ did not overturn it. The groynes on the foreshore were 
lutely destroyed. The wall had since been repaired and 
ngthened with a considerable number of buttresses. 

In conclusion, he would like to refer to a cutting about 30 feet 
ep in very stiff clay which had recently been dealt with at Hilden- 
rough. The clay had always been working into the ballast from 
w; the track was on the main boat-train route, with very heavy 
fast traffic, and so about 10 years ago it had been thought 
sable to put down a blanket of ashes with cross drains leading 
‘the usual side drains. The clay, however, had continued to 
ork up into the ballast, and after a series of wet winters it looked 
ry unpleasant, so that drastic treatment became necessary. On 
ideration, it would be realized that the digging of side drains, 
removal of a great deal of heavy clay, and its replacement by a 
nket of ashes might be satisfactory to a certain extent, but would 
the effect of removing weight and weakening the base of the 
ng; thus inviting trouble. During the last 10 years that trouble 
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had occurred, so that it was evidently necessary to do somethin 

different. He had the idea that it would be advisable, instead 
using ashes, to form the blanket of some heavier material; sony 
granite powder (waste material from a quarry) was available, whid 
was considerably heavier than ashes and had the same blanketir 
qualities. All material down to about 3 feet 6 inches below rail-levy 
was therefore removed. It had been in for about 10 years, and th 
platelayers described it to him as being rather like wet plum-pudd ing 
it had been permeated with the clay as that material worked Ww 
When the firm clay was reached a blanket of 1 foot of the grant 
powder was placed thereon. On the top of that paving-stones - 
concrete 4 inches thick were laid close together, and made an exce ler 
formation. On the top of the paving-stones, to obtain more welg J 
to hold the formation down, four old rails were laid under each t: aa 
and four between the tracks. A layer of 3 or 4 inches of ashes vs 
then put on the top of the paving-stones, and on the top of that th 
ordinary ballast was placed and the track laid. The ashes above th 
paving-stones would act as a cushion for the traffic, and avoid t 
running being too harsh. The work, which covered 1,200 yards — 
the up and down lines, was now nearly completed. 
Mr. Haronp Berrice said that about 10 years ago he had bee 
in charge of some 40 miles of roads on clay, where there were al: 
ten thousand houses on clay, and he had met with many of th 
problems discussed in the Paper. He had therefore carried out t 
little research work himself, as the result of which he presented 
Paper to The Institution! That Paper had subsequently bee 
published elsewhere.2 Clay contained a solid constituent, whid 
consisted very largely of colloidal particles, the other constitues 
being water. The term “colloidal” had nothing mysterious abo: 
it; it simply denoted particles too small to be visible under tlh 
microscope but larger than molecular dimensions—ranging, } 
believed, between 10-4 and 10-8 centimetre in size. Material dividd 
in that way had some very peculiar properties. The parti 1h 
attracted each other very strongly, so that when they were saturat 
with water and dried out again the material did not fall to pieces 
a block of sand similarly treated would do; it shrank as a mass ¢ 
became apparently solid, although it was porous. A 4-inch or 
of surface clay which he had dug up in North London had shrut 
in drying to 3 inches, and had lost moisture equivalent to 60 ga 0 
of water per cubic yard. In attempting to classify clays, it W 
ve : j , 


1 Original Communication No. 4759. 

2 “The Colloidal Nature and Water-Content of Clays.” Engineering, V 
130 (1930), pp. 5, 61. 

“The Physical and Mechanical Properties of Clay.” bid., vol. 132 (193 

pp. 126, 192. _ | 
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necessary to consider the ratio that Dr. Chatley, and he believed Mr. Berridge. 
Dr. Terzaghi before him, had called e; namely, the ratio of the volume 
of water to the volume of solid. It was quite easy to determine that 
Tatio—in the Papers to which he had referred 1 a very simple way of 
oing so was given—and once that was known it was possible to 
ppreciate the nature of the clay. From complete dryness to a 
a ixture for which e was about 0-33, the material was hard and solid 
and was not plastic at all in the usual sense of the word. When e€ 
as between about 0-33 and about 2-7, the material was plastic, and 
yhen € was more than about 2-7 it became a kind of thick and heavy 
quid which could be pumped. In addition to clay having such 
variable properties, it was not an inert material at all. When 
dry clay confined in a container was wetted, it expanded with 
pressure that at any rate exceeded 10 tons per square foot. That 
fiect might evidently be important if such clay happened to be 
nderlying a structure or the side of a bank. Further, clay contracted 
with considerable force when drying ; he had measured contraction- 
pressures of up to 40 lb. per square inch. A dried briquette of the 
ay, of the same dimensions as a standard cement briquette, broke 
+ a tension of 250 lb. per square inch, and the same clay required 
pressure of 1,300 lb. per square inch to crush it; yet if that strong 
‘material were put into water, it would be rapidly resolved into a kind 
of slurry with no strength or supporting power whatever. He men- 
tioned that to indicate how important it was that every engineer 
who had anything to do with clay should determine the ratio € of 
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the material with which he was dealing; that would give him a 
‘very good idea of what to expect of it. 
_ Another point in that connexion was that the stiffness of clay 
increased greatly with increasing depth below ground-level. It 
nerefore occurred to him that in forming a railway-embankment 
material which came out of the bottom of a cutting ought to go 
into the bottom of the bank, as otherwise if the soft material from the 
(which would not stand more than, say, 15 lb. per square inch) 
re put into the bottom of the bank, it would begin to squeeze out 
en the bank was built up and that pressure was exceeded. He 
ught that that was what very often happened. 
n the construction of roads the subsoil was often disturbed by 
avation for sewer-trenches, road-gully connexions, house-con- 
xions, and water, gas and electricity services, so that there was 
very much soil left undisturbed under the road. He came to ? 
‘conclusion that if those trenches were taken out and the excavated sae 
y left lying at the top of the bank, then, in the summer especially, 
t clay would dry to a hard and stone-like condition which was ~ 
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very difficult to break down. If in that state it were put stra 
back into the trench, as was often done, it was no use trying 1 
consolidate it. The only thing to do was to hose it and break 
down until it was in a plastic condition before filling it into th 
trenches, and then to use mechanical ramming to consolidate 
after placing. He had done that and found that it answered ver 
well; there had been no trouble at all afterwards. : 
With regard to the surfacing of roads, he had found that 1 
obtain a satisfactory result it was desirable to put down fro: 
4 to 6 inches of clinker and to consolidate it with a fairly light (4-t 
to 6-ton) roller; then when the hardcore was put on a 10-ton roll 
was put on it and old macadam was rolled in until there was no sig 
of movement at all. If wet clay squeezed up through the hardcor: 
it had to be taken out and replaced by dry material. a | 
Dr. HerBert CHATLEY remarked that admittedly there was 1 
entirely satisfactory definition of clay, but in view of the work tha 
had been done by Dr. Terzaghi, which Dr. Stradling had mentionee 
it would seem that the definition given in the Paper was hard) 
adequate. There was, moreover, an inconsistency in it, inasmuch 
clay was defined both in reference to specific clay minerals and ald 
with regard to the extreme fineness of its particles. If the Fa 
“specific clay minerals” were used, whilst it might be freely admitte 
that there were plastic materials which did not consist of the specif 
clay minerals, it could hardly be said that rocks which did not posse 
the specific clay minerals were clays. The fact seemed to be that th 
plasticity of a material depended on many things, but predominant 
on the size and shape of its constituent particles, and it might « 
might not depend on the chemical character of the material of th 
particles. Four combinations of factors might therefore affect th 
plasticity : firstly, the size of the colloidal particles ; secondly, nh 
combination of particles of different sizes, giving different degree 
of packing and spaces ; thirdly, the shape of the particles, controllim 
the manner in which they would slide on one another ; and fourth 
the chemical polarization of the surfaces of the particles, wh 
controlled the thickness of the water films on the particles and th 
adhesion of the particles if the water films were removed. The 
made it rather difficult to define a clay at all exactly, and yet th 
definition and standardization of materials was essential to the: 
understanding. He had not the faintest idea of what the variouw 
speakers who had preceded him meant by such terms as loam, clay 
silt or mud, because those were vague categories which merged nti 
one another, and he thought that they did not really mean veri 
much until there was a standard type of each of those materials t! 
refer to. | 
The Author had very strongly emphasized the importance of t n 


: a 


(| 


, oe 


_ WITH CLAY, WITH SPECIAL REFERENCE TO CLAY SLIPS. 487 
water-content of clay, and Dr. Chatley was sure that all those who Dr. Chatley. 
had had to deal with clay would agree with him. It was Professor 
Terzaghi’s greatest achievement that he first showed what the 
‘conditions were which controlled the water-content ; until his work 
appeared in 1925 there was no physicist or engineer who really had 

‘any idea of the reasons for the remarkable properties of clay. 

_ With regard to clay slips, in some modern textbooks, especially 
German and Scandinavian ones, it was customary to assume a circular 

‘sliding surface for calculation—chiefly because its mathematics were 

very much easier than those of any other kind of surface. So far 

as he could judge from his own experience in Shanghai, where 
‘unfortunately he had been concerned with a large number of slips, 

the actual surface was generally something like a cycloid. He 
‘believed that one of the latest conclusions was that it was a 
Jogarithmic spiral, but a cycloid was much easier to work with, and 

‘it seemed to fit the shape of the surfaces better. In some of the slips 

that had been discussed it had been suggested that the toe of the . 
‘slip actually rose. That was probably another reason why some 
‘students of the subject had favoured circular surfaces, but it would 

‘be seen from the Author’s illustrations and similar figures that the 
Fe rface did correspond rather well to cycloidal form. 


- 
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The next question which he would like to mention was that of load- 
ing the toe ofa slip. The Author had wisely drawn attention to the 
dvantage of that method of restraining a slip in cases where it could 
‘be applied. Consideration of that method suggested that actually 
‘a continuous slope was by no means the best or most economical 
orm for a cutting or a bank, and that a form with a berm was 
preferable. It saved a certain amount of excavation or filling, as the 
e might be, and approximated very nearly to the actual form of 
slipped material after a slip ; it would be very much less trouble 
that form to be provided in the first place than for it to appear 
the result of a slip. 
_ His own experience was principally on slips in tidal rivers with a 
reeboard varying according to the tide from 4 to 5 feet up to 20 feet, 
d with deep water alongside. The avarice of the landowners 
de it necessary for the edges of the banks to be as near as possible 
the water, and it had been the practice to work to a slope of 1 in 2, 
ich in water and with the terribly bad material which existed in 
anghai involved a large element of gambling, the actual limit of 
ability being so nearly approached that it was a matter of consider- 
able difficulty to get such banks to stand. Once they had stood for 
week, fortunately, they usually continued to stand. No slips 
urred except at the beginning of that kind of work, andasthesoil — — 
nsolidated and lost its water the stability became assured, unless 
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The Paper was very practical and interesting, but he wished 
echo Dr. Stradling’s remarks with regard to the Author’s om 
of any reference to some of the more recent work on the subjec 
Professor Terzaghi, whose name had been mentioned so often in th 
Discussion, might be called the father of modern soil-mechanics, ana 
though a good mathematician, was by no means merely a theorist 
he had had a great deal of practical experience all over the world, © 
that his work could not be disregarded. Although difficult to reac 
it was of extraordinary practical value and threw great light on t 
subject of the stability of clay and the time factors involved. 

«* Mr. RaymMonp CaRPMAEL observed that remedial measure 
against slips on railways were divided into two classes, dealing res 
pectively with movements in cuttings and embankments. TF 
Author had dealt so efficiently with the first class that he could only 
add two comments. The first was to draw attention to the dangg 
of weakening the toe-support by the introduction of a drain (F ig. 
p. 467), which danger appeared to have been appreciated bi 
the carrying-out of the works shown in Fig. 6 (p. 471). Should | 


of such a wall below levels at which water could be drained awai 
should be constructed of concrete or other non-pervious materia 
Whilst expressing his entire agreement with the Author regardi 
the spacing of inspection-chambers, he would emphasize th 
importance (laid down as an Instruction on the Great Wester 
Railway) of periodic examination and clearance of drains betwee 
the inspection-chambers. The second comment was to emphas 
the necessity of careful research into the actual causes of each sl 
before carrying out remedial measures. To give one instance om 
in a railway-cutting about 5 chains in length, between two tunne 
one slope of the cutting had remained stable for about 90 years, bu 
the other for over 35 years had given trouble, which for the le 
15 years or so had been more or less continuous, involving t 
removal of about 20,000 cubic yards of material and necessita tir 
the purchase of valuable agricultural land. About 2 years ago lars 
quantities of bricks and brick-bats were found in necessary excay 
tions of clay, and it was ascertained from inquiries that to provide 
lining for the tunnels a brickyard had been opened in the cutting 
the cause of the slip was then apparent. The deposit of spoilt brick 
in.one side of the cutting had created a deep water-pocket, with th 
result that after a long period of years the underlying clay becant 
softened and the slip occurred. } 

The treatment of slips in embankments, apart from the comma 
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ject—provision of free passage of water—followed different lines. Mr. Carpmael. 
entirely agreed with the Author’s statement in the last paragraph 
p. 467. He had for some years abandoned the use of large stone or 
lag for bottom ballast on clay formation of new railways or widenings, 
ind had substituted ashes. 
The Author rightly drew attention to the importance of a 
tudy of the conditions of the ground on which embankments were 
| be tipped. The importance of the avoidance of interception of 
zatural water-flow could hardly be overestimated, having regard 
30 to the subsidence caused by the weight of the tipped material. 
He would emphasize the importance of giving special attention to 
she drainage of railways, and in particular to the design of structures 
intercepting natural watersheds. Moreover, where, as was often 
the case, embankments had to be of clay soil so as to give an economic 
balance of earthwork-quantities, special attention had to be given 
to bridge-substructure design, and he agreed with the Author’s 
fiews on the design of wing-walls. He had had occasion when 
nstructing a new railway to tip clay in embankments. In the 
deavour to minimize obstruction to flow of water through those 
abankments he had tipped train-loads of ashes, about 1 of ashes 
of clay. Although he was aware that some engineers might 
rd such an action as dangerous, it appeared to have achieved its 
ct. 
o avoid the heavy expense of constructing stone or slag drains, — 
was investigating the results obtained by driving perforated steel , 
ipes into the slopes either of cuttings or embankments, forcing - 
m in by means of hydraulic jacks. So far as his investigations 
at present proceeded, the elimination of water by that means, 
undertaken before movement occurred, would minimize if not 
holly prevent slips. 
s a railway engineer, he wished that it were possible to justify 
m an economic standpoint the Author’s ideal of a concrete blanket 
mattress, having in mind the expense of carrying out the work 
st maintaining continuity of traffic. He had found that the 
vision of the alternative, a blanket or mattress of ashes or sand 
of the two mixed, was so costly that he could only justify the 
enditure on a fractional portion of his ideals. An alternative 
ttress of natural stone slabs (with open joints) had been tried on 
Great Western Railway 30 years ago. When, as might have been 
ected, they, with the clay which had worked up through the 
ts, had to be removed, the men’s task (apart from the cost of the 
k) was not light. 
e agreed with the Author that the treatment of slips could not be =a 
erned by hard-and-fast rules. It might, however, be _taken : 
iomatic that all slips were due to the penetration of water, and 
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that, whatever steps were taken, the initial ones had to be such th. 
either penetration was prevented or outlets were provided for wai 
that could not otherwise be diverted. 

Mr. Joun Hitt observed that the Paper dealt with the prc 
aspects of an engineering problem, and recounted the meth c 
adopted by the Author during several years’ work on cuttings a1 
embankments in clay soils: it was obviously not intended to be 
contribution to the literature on the science of soil-physics and G 
mechanics. It was of interest, however, to note that the si mn) 
treatment of the geological formation and physical state of clays git 
by the Author on pp. 457-461 had led him to oe thei impor 


practical remedial and seennidiinn measures, which were suppor 
by recent laboratory research on the physical properties of sow 
Mr. L. F. Cooling, in a Paper read in 1935,1 gave an account of soi 
of the work on the subject carried out at the Building Resear oy 
Station, which showed that “ water relationship of clay soil is | 


on the cohesive properties of clay, its shear-strength decreas§ 
considerably with increasing water-content. He also gave ' 
results for London clay showing a marked reduction of shear-strengy 
when the water-content was increased beyond that normal to ti 
clay in its undisturbed condition. 
It was clear that the Author’s practical measures adap 
prevent extraneous water disturbing the natural cohesive strengg 
of clay soils were supported by the conclusions arrived at as a resu 
of modern research on the subject. There was, however, one facti 
that was not specifically referred to in the Paper, namely, the possi 
influence of shear or compressive forces on the thixotropic propertit 
of clay soils. In Mr. Cooling’s Paper there was a reference to expe 
ments on the relation between maximum compressive stress am 
water-content of undisturbed and disturbed specimens of Londd 
clay. It was shown that, with specimens of such clays with simil| 
moisture-content, manipulation of the clay was followed by a marke 
reduction of strength as compared with that of the undisturb 
specimens. That behaviour might be due to the thixotropic pr 
perties of clay, which, in the present connexion, might be defina 
as a change of consistency with the rate of application and the dur! 
tion of shear stress. Was it nasenls that the changing stresses 1 


1 “ The Physical Properties of Clay Soils and Some Aspects of their Mecha a G 
Behaviour.” Chemistry and Industry, 10 Jan. 1936, p. 25. 
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lay foundation, produced by the passage of fast and heavy trains, Mr, Hill.” 
night influence the thixotropic functioning of the soil, leading to a 
veakening of its resistance to lateral displacement and subsequently 
0 slips? The study of that question would call for the closest 
xamination of the soil, particularly as to the character of the clay- 
ubstance, from an aspect not covered by the Author’s observations. 
Mr. G. P. Mannine did not suppose that any two engineers would Mr. Manning. 
Tee as to what constituted a typical clay. He thought that 
e best way to treat the problem was to imagine some perfect 
ypothetical substance with definite properties; each engineer 
ould then estimate how closely the material with which he was 
joncerned approximated to that perfect substance. Perfect clay, 
he imagined it, was homogeneous, plastic and incompressible ; 
hus it might be squeezed from place to place but its volume remained 
ibsolutely constant. That might be illustrated by considering 
e effect of driving piles in clay. If five hundred 12-inch square 
es were driven into a site 100 feet square, the volume of the 
would be 5 per cent. of the volume of the site. With the 
ble exception of wet peat, no ground would absorb that volume 
iles, and if the soil could not squeeze laterally into adjoining 
, the ground would rise. In general the total rise in the ground- 
was rather less than equivalent to the volume of the piles, 
ing that the ground was compressed and consolidated, and 
its physical properties were changed by the driving. In a 
ect clay the rise in the ground would be exactly equivalent to the 
me of the piles driven, meaning that the ground was squeezed 
place to place but its nature was not altered. The resistance 
iving in a perfect clay gradually increased as the point of the 
penetrated deeper below the surface, and depended on two 
rs, namely, the shear-strength of the clay, and the length of 
minimum path of escape measured from the point of the pile to 
e ground surface. Although his own firm had never encountered 
bsolutely perfect clay, they had had one site where the rise in 
und had been equivalent to more than 90 per cent. of the volume 
the piles, with a maximum vertical rise of 2 feet 4 inches during 
Tiving and lateral displacements of setting-out pegs up to a maximum 
12 inches. It had been said that a pile bored and cast in situ 
d carry the same load as a pre-cast pile driven to the same depth. 
at was not true of most sites, but was true of a perfect clay site. 
e thought that most problems connected with clay would be 
lified if engineers would imagine the perfect material that he had 
idered and would keep in mind the two factors of shear-strength 
path of escape. Most remarks in the Paper and Discussion 
been directed towards increasing the shear-strength by reducing. 
1e water-content, but a foundation might be strengthened by 


Mr. Manning. 


Mr. Searle. 
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- subsequently excavated down to the level of the bottom of t 
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increasing the path of escape (for example, by loading the toe 
bank with hardcore) and might be dangerously weakened by reddl cr] 
the path of escape. If piles were driven through the bottom ¢ 
deep narrow trench into clay and the surrounding ground we 


trench the resistance of the piles would be reduced, and migh t i 
very much less than that indicated by the records of the a vill 
Excavation on adjoining sites also might reduce the path of es¢a 
laterally and endanger existing footings. 

A remarkable example of slips in clay was afforded by the ¢ 
cliffs of the Isle of Sheppey. They were 100 feet high in pla 
and the shape of the slips both in elevation and plan was very cles 
visible. ] 

Mr. A. B. SEARLE observed that when a chemist or a petrole or 
with a special knowledge of clay studied a Paper on clays w a 
by an engineer, the first impression received was that a differ 
language was being used. The engineer used terms like “ clay 
in such different ways that repeated readings of the Papal we 
often necessary before it became intelligible to the chemist or t 
petrologist. To both the latter, the first third of the present Pay 
appeared to contain many unfortunate statements about cla 
Even the introductory definition was not free from objection, beca 
some clays of commercial importance were not plastic and did 
develop plasticity when wetted, so that, according to the Auth ha 
they were not clays at all ! : 

It was very doubtful whether the china-clay of Corwallp 
Devon had been formed by “ hot-water decomposition.” Later 
was not usually regarded as a clay, and the term “ boulder-clay 
had been discarded by all except a few rather old-fashioned peopy 
The material so described varied so greatly in composition th 
almost any statement concerning its composition was inapplica 
to some specimens. Hence, whilst some boulder-clay “ conta: 
little of true clay-substances,” that statement was not true of lan) 
masses of plastic material to which the term “ boulder-clay ” h 
been extensively applied. The Author also seemed to sugg¢ 
that most sedimentary clays were of fluviatile origin, whereas the a 
of lacustrine and marine origin were far more extensive—at | 
rate in the British Isles. What he appeared to mean was that; 

“the London area’ the sedimentary clays were mainly rive 
transported clays which had been deposited in lakes or estuaries. 

The Author also used the term “clay” in a very restricted sen 
to mean compacted mud or partially-dried mud, namely, mat 
intermediate between mud and shale. That use of the term he 
be borne in mind when considering his Paper, because on some pag 
he used it with a different meaning. When the Author refe ed ti 


~ 
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lay structure ’’ he seemed to mean that of a stiff paste, or what a Mr. Searle, 
sk-maker might call a “ stiff plastic mass” ; he was not referring 
the arrangement of the atoms to form a unit cell of clay. The 
tement that “the term ‘clay’ as the civil engineer knows it is 
plied generally to brown clay’ was only correct with regard to 
rtain areas : it was not of general application. What the Author 
ppeared to mean was that in “ the London area’”’ the upper strata 
yere composed of brown clay and the lower ones of blue clay, and 
t the latter were more stable than the former from an engineering 


In making roads or 
ays on clay land, it should never be forgotten that such clay 
mobile and not truly solid. It yielded under pressure like a 
y-viscous liquid, and the first essential was to spread the 
sure over as large an area as possible. For that purpose a 
erly-designed raft or mattress of reinforced concrete was the 
est approach to the ideal, and the Author rightly advocated it. 
re such a raft was too costly, the best substitute was a bed of 
shes overlain by a thinner layer of crushed stone or slag, as the 
hor suggested. 

The Author rightly said that clay slides! were often caused by 
clay drying and then being wetted by rain. The best remedy 
d be to prevent the clay from drying, but in most cases that was 
racticable, and so the cracks resulting from drying had to be 
d as they occurred. Any suitable covering would probably 
n the drying and so reduce the risk of clay slides ; but even the 
pest covering was expensive. Thin sheets of concrete would 
ably be the most effective cover ; next in efficacy was a thick 
us layer which would prevent drying in hot weather and would 
rb and drain away rain during wet weather. There again, the 
uthor’s experience had led him to make sound recommendations. 
emphasis on the importance of draining as well as of supporting 
material which tended to slide was very sound, and would be 
rtily endorsed by all engineers who had had much experience of 
e problem. 

The Author wisely condemned what was known as “ burning” 
method of preventing clay slides. If a great depth of material 
d be excavated, dried, ground to powder, about half of it burned 


The term clay slip was better avoided, as it had another meaning in 
OBy- 


Mr. Searle. 


properly (as bricks were burned) and the burned product groun : 
wac 
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powder, thoroughly mixed with the raw material, and the whe 
replaced, rammed, and covered to make it rain-proof, satisfactod 
results might be obtained, but at a prohibitive cost. As nothi: 
short of that could be relied upon, the customary method 
“burning” was uncertain and should, in all important situation; 
be avoided. 

It might, with advantage, have been explained more fully in 
Paper that the mobility of clay was due to layers of water pem 
trating between the sheets of aluminium and silicon ions form ir 
the unit cell of the clay-molecule and also to the water adhering ! 
the surface of the minute particles of clay. By thus separating ti 
particles and providing a well-lubricated surface on which the 
might slide, a very mobile, semi-fluid mass was produced, who¢ 
weight was sufficient (without any external pressure) to cause 16 
slide. The drier the mass the greater was its resistance to MOV 
ment, but as soon as sufficient water had penetrated—particulan 
at a low level—the more favourable were the conditions for a slidd 
That was the reason why so many clay-slides were caused by vat! 
accumulated in the mass, particularly in cuttings and embankment 
Adequate covering to keep the mass dry, as well as adequate drainas 
to remove any water accidentally entering it, were essential to tt 
prevention of clay-slides. The Author did not definitely mentid 
multiple drainage at several levels, though that was advisable 
important situations. Drain-pipes made of porous material ha 
several obvious advantages over the ordinary drain-pipes : they wes 
extensively used on the Continent. 3 

The Author’s descriptions of several slides and of the m sa 
adopted to deal with them showed how clearly he had realized tk 
four first principles in dealing with land-slides ; namely :— { 


TD. 


' 
(a) To drain the material throughout, but especially at th 
lower level. That might have to be at a considerabl 
depth below rail- or road-level if it were to be effective. 

(b) To support the toe of the possibly-moving mass so as ¢ 
restrict its movement as much as possible. . 

(c) To break up the mass into a series of small ones, and tre# 
each separately by methods (a) and (6). } 

(d) To avoid excessively steep slopes, because the angle of repos 
of wet clay was very small, sometimes as low as 1 
degrees. bY 


The Author had performed a very useful service in publishir 
his Paper, which should be of great practical value to many engi ; j 
Mr, KE. G, WaLker observed that, whilst the practical proble 1 
met in dealing with clay soils had been appreciated from the earli 7 


= 
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lays of engineering, it was remarkable that only in comparatively Mr.. Walker. 
ecent times had any appreciable advance been made in the acqui- 
ition of the knowledge necessary to enable the incidence of slips to 
ye minimized. The Author had given a useful account of methods 
vhich had been employed successfully in an area where natural 
onditions were bad. In general terms, his methods all depended 
ipon one cardinal principle, namely, the provision of adequate 
ermanent drainage, so that neither could excess of water accumulate 
any point at which the stability of the slopes could be affected 
t, nor could deficiency of moisture render the slopes pervious. 
fortunately, the natural range of variation of water-content 
is greater than the range over which the stability of the natural 
ype could be maintained. Hence the variations of the physical 
aracteristics of the clay—its cohesion, compressive strength, 
hearing strength, etc.—with varying moisture-content had to be 
iken into account in a way that they had not been in the past. 
those matters were not touched upon in the Paper, a fact which 
mphasized the necessity for increased effort to enlarge the scope 
the work on the mechanics of soil which was being done at the 
ilding Research Station with the co-operation of the Institution’s 
search Sub-Committee on Earth Pressures. Those studies had 
veloped practical methods of studying earth slopes, taking into 
ideration the physical properties of the various strata forming 
underlying the slope. They had been applied to the investi- 
n of slips after they had occurred and had enabled the causes of 
e to be ascertained. It was of great importance that that 
should be extended and made available. The Author on p. 464 
red to an expenditure of the order of £260 per annum per 
in one railway district. Probably that was considerably 
ater than the average for the whole country, but the aggregate 
nual cost was evidently great. If to that were added the cost of 
jairing slips on reservoir- -banks, roads, and the numerous other 
h cuttings and banks that were to be found, the aggregate annual 
st of earth slips in Great Britain might well reach a sum of the 
r of half-a-million pounds, apart from the large accident-risks. 
did not seem too much, therefore, to ask that the large public 
semi-public authorities who were responsible for the maintenance 
ose works should give substantial financial support to enable 
scale of the work of the Earth Pressures Sub-Committee—at 
nt strictly limited by the funds at its disposal—to be increased 
s to enable practical solutions to be found to the engineering 
lems of the control of earth structures (including foundations). GE 
.e AuTHoR, in reply, observed that criticism of the Paper had The Author ae 
confined to the Introduction, and had been made mainly by. 
ysicists or ceramic specialists. In considering the Intro- 


The Author. 
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duction, it should be borne in mind that it was in no sense a reviled 
of the research-work that had been carried out in connexion Wi 
clay soils, any one branch of which might form the subject of 
Paper. Its object was to describe briefly clays—in particular, see 
mentary clays—and to trace their origins. It gave, he suggestec 
clear description of the material from the point of view of 
engineer who had had to solve practical problems connected wi 
clay soils; in fact, the Author had definitely based his methods 
the information contained in it. He was aware of some of + 
research work that had been carried out, and submitted that 


subject as outlined in the Introduction. Much research work ob) 
practical character remained to be done in connexion with clay son 
and the Author’s object would have been achieved if his P. 2 
resulted in another Paper being submitted dealing with the researe! 
into the subject and their application to practical problems. 

Dr. Stradling’s references to modern methods of handling ea 
were interesting. It was, however, regrettable that he had not be 
more specific as to the particular methods to which he referr 
The engineer had usually to consider the economic factor in 
works. If, however, he could be given a definite lead by 


ingly. 
Dr. Stradling hardly flattered the value of the research work t 


problems during the last 8 months than from the whole of the w 
—presumably the laboratory research on soil-mechanics—of 
previous 5 years. Such a statement almost justified the omiss 
by the Author in his Introduction to refer to the subject of 8¢ 
mechanics, about which Dr. Stradling felt so strongly. | 
The remarks made by Mr. Ellson were most informative, andk 
would be particularly interesting to note the behaviour under tra 
of the paved road-bed he described. . 
The suggestion of Mr. Berridge regarding the formation of emban 
ments was usually followed as far as was possible. If, however! 
cutting was of appreciable depth it had necessarily to be excavati 
in lifts, starting from the top. In new works at present ber 
carried out under the Author’s supervision it had been fou! 
economically possible, owing to the magnitude, character and 
tion of the several works, to form the embankments of s 
material and to run unsatisfactory clay soils to spoil. The 
no doubt that the modern drag-line excavator was the best: 
use in clay soils when they had to be used to form embankme 
: a 


~ 

~ 
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hat it broke up the material, which subsequently consolidated far The Author. 
better than if a digger had been used, especially if the latter had a 


h-capacity bucket. a 
The Author was particularly interested in Dr. Chatley’s suggestion 
at a varying inclination might be advantageous for a cutting or 
bankment ; he had also considered the point, but had found that 
clay, apart from the greater liability of slips, if a steeper slope 
than 1-in 3 were used the surfacing soil or ashes was often washed 
own, unless the slopes were turfed, which was usually a practical 
possibility. Varying inclinations of slopes in cuttings were, of 
jurse, often used if they were through different classes of soils. 
Mr. Carpmael had drawn attention to a most important point 
with regard to the drain at the toe of a clay cutting. The Author’s 
Xperience was that such drains should always be placed on a sub- 
tial bed of concrete, the trench being well and carefully packed 
s not to weaken the toe; in bad ground he would prefer also to 
orce the concrete somewhat as shown in Fig. 6, p. 471. Mr. 
mael also mentioned a point on which there was a difference of 
jinion among engineers, namely, the incorporation of ashes with 
ay in embankments. It would no doubt be of interest to Mr. 
mael that the Author had had the same success ; he, however, 
idered it advisable that the ashes should be well incorporated 
the clay, and would prefer to have them in layers, sloping 
wards. 
om the point of view of the technologist the contribution of 
Hill appeared to be one of the most constructive ; moreover, 
aw the Introduction of the Paper in its intended perspective. 
remarks suggested a most interesting line of research, which the 
hor would commend to his scientific colleagues on the Research 
nb-Committee on Earth Pressures. 
The observations of Mr. Manning indicated an interesting line of 
arch in connexion with piling. The clay cliffs of Sheppey were 
ar to those at Frinton. 
' Mr. Searle criticized the Introduction on the ground that the 
uthor had not used the language of the chemist or petrologist. 
owever, the Paper dealt with engineering problems associated 
th clay, and aimed to be of practical use to engineers, so that the 
thor might be pardoned if he chose to use the language of the 
neer. 
In a strict attempt to classify clays it would be possible to refer 
‘clays that did not exhibit marked plasticity, but in the literature 
the subject the possession of some degree of plasticity was 
itably stressed as a dominant feature of all but a few clays. ial 
iptions of argillaceous rocks were still in most cases arbitrary, 
piassed according to the particular angle from which the writer 


as. 
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which, the Author contended, had great effect on the slip prope 
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viewed the subject, as witnessed by the classifications enunciated | 
several authorities, including Mr. Searle. Mr. Searle himself rega: ‘dd 
clay from the viewpoint of a ceramic technologist, for in his artic¢ 
on Clay in the “‘ Encyclopedia of Ceramic Industries ”’ he considere 
it “reasonable to define clay as a mineral consisting essentially 

an alumino-silicic acid in such physical state that when mixed 3 
water it produces a plastic paste. On this definition brick-clay) 
fire-clays, etc., would be rightly regarded as very impure clay 
containing in addition to the essential clay-substance such mineraé 
as quartz, felspar, and mica, etc.” That definition from the ceramr 


point of view ignored the finely-divided nature of the foreign ma’ ‘i 
"U) 


of clay. With regard to Mr. Searle’s reference to the use of the term 
“ boulder clay,” in the same article it was stated :—“ While geol! 
gists use the term ‘ boulder clay ’ to include the whole of the [glace 
drift] deposit, brick manufacturers and others more usually unde¢ 
stand it to be confined to the sticky plastic portions of the wh od 
material ’”—again the ceramic viewpoint. 

The Author ventured to think that his own conception of exce 
water acting as a lubricant, and permitting the particles to slip ov¢ 
each other when a stress was applied to the clay, was as helpful 
the practical engineer as the more academic wording, suggeste d 
Mr. Searle, that the mobility of clay was due to layers of wat 
penetrating between the sheets of aluminium and silicon ions fo Ph 
the unit cell of the clay-molecule. The two conceptions were esser 
tially similar, though on different scales, Mr. Searle having sougk 
additional aid from the technique of the X-ray diffraction camer 4 

The Author noted with appreciation Mr. Searle’s confirmation ¢ 
his practical methods. q 


aoe The Correspondence on the foregoing Paper will be publisk 
in the Institution Journal for October, 1938.—Sxrc. Inst. C.E. 
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JOINT MEETING. 


1 March, 1938. 


FREDERICK CHARLES COOK, C.B., D.8.0., M.C., Chief 
Engineer, Ministry of Transport, in the Chair. 


_ A Joint Meeting, organized by the Institution of Automobile 
_ Engineers, was held in the Great Hall of the Institution of Civil 
_ Engineers with :— 

_ The Association of Public Lighting Engineers, 

The Institution of Automobile Engineers, 

The Institution of Electrical Engineers, 

The Institution of Engineers-in-Charge, 

The Institution of Highway Engineers, 

The Institution of Gas Engineers, 

The Institution of Municipal and County Engineers, 

The Institution of Petroleum Technologists, 

The Institute of Fuel, 

The Institute of Marine Engineers, 

The Institute of Transport, 

The Iron and Steel Institute, 

The Junior Institution of Engineers, 

The National Safety First Association, 

The Roads Improvements Association, 

The Town Planning Institute, 


~ at which three Papers on “ Essential Road Conditions Governing the oa 
_ Safety of Modern Traffic ” 1 were presented. , 


IntRopuUCcCTORY REMARKS, 


Major-General 8. C. Prcx stated that he had been asked, as 
- President of the Institution of Automobile Engineers, to make an 
introductory statement, indicating some of the unsatisfactory road 
- conditions existing in Great Britain, and so forming a background aa 
for the Papers that were being presented. The appalling number of a 
_ road accidents was without doubt the most important question before — ae 
1 Journal I.A.E., vol. vi, No. 6, p. 14 (March, 1938). Complete with discus- 
sion and written contributions in Proc. I.A.E., vol. xxxii, to be issued about = s 
tember, 1938. : “Ff, OE ".- 


‘the provision of small matters such as wind-screen wipers, dipping 
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the public, not only of Great Britain but of every other country in 
the world to-day. Some countries had succeeded in tackling that 
problem better than others, but he thought it would be agreed that — 
generally speaking they might all be said to have failed in view of — 
the large number of accidents in every country. In 1937 alone 
nearly 30,000 people were involved in accidents on the roads of Great 
Britain, approximately 3 per cent. of which were fatal. 
At the Public Works Congress Dinner in London on November 17, _ 
1937, the Minister of Transport had stated that only 3 in every 200 
road accidents in Great Britain were due to road defects, but he felt 
it very difficult to accept that statement. He dared to suggest that _ 
most accidents, other than those caused by inexperienced drivers, _ 
were caused by one or more of the following features of British roads, 
and that those were capable, at any rate, to a certain extent, of being 
obviated :—lack of uniform width; lack of separate lanes for one- 
way traffic on main roads and of special provision for cyclists ; bad — 
road-junctions ; inefficient and varying illumination of roads; the 
unrestricted development of housing estates, factory sites, advertise- 
ments and signs along the main highways; lack of non-skid road 
surfaces ; and badly planned curves, gradients and banking. . } 
He submitted that the present-day state of affairs was due to the 
fact that those responsible for the roads had failed to foresee the very ' 
rapid increase in the number of road vehicles which had taken place 
during the last 20 years. He would remind them that in 1917 3 
there were about 188,000 vehicles registered, whereas 20 years later, 
in 1937, there were about 2,930,000 registrations. During that period, 
on the other hand, the safety of the motor vehicle itself had steadily _ 
increased and that had tended to lower the casualty figures. Safety 
had been increased by the great improvements which had been — 
effected in the braking systems, in reliability (freedom from me-\ 
chanical breakdown), in easy gear-changes (which had helped to — 
eliminate fatigue in drivers), and in increased acceleration, and by — 


lamps, improved tires and improved steering. Modern vehicles were _ 
faster than earlier vehicles, but they were also more inherently safe 
to drive, and therefore they were safer from the point of view of the ; 
pedestrian than were the vehicles of several years ago. It was hoped — 
that the three Papers presented would focus attention upon that most 
important matter of road safety, and would show how the road plan- 
ning of Great Britain could really be improved. The resources of | 
the Institutions taking part in the Joint Meeting covered a wide i 
field, and, if made use of, could not fail to render a good account of — 
themselves in helping the Ministry in its very difficult task of lowering _ 
the casualty lists. a 
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Section I—ROAD PLANNING. 
By Tuomas Apams, D.Eng., F.R.I.B.A. 
(Abridged.) 


“ 
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Functions oF RoabDs AND THEIR RELATION TO COMMERCE 
AND PuBLIC WELFARE IN GREAT BRITAIN. 


_ Primarily, the planning and layout of roads,! as of other ways of 
- communication, is a problem in economics and only secondarily a 
problem in design and engineering. Before any sound conception 
of policy or method in planning roads can be arrived at, a true under- 
_ standing of the economic principles underlying their use in society 
must be obtained. The true position is that a properly conceived 
and intelligently planned road system is the most universally bene- 
ficial of all public works. Only when this position is appreciated 
__ by the public, and those who control the public purse, will the wisdom 
be perceived of investing in road improvements all revenues derived 
from vehicles using the roads and, in addition, such revenues as can 
- reasonably and practicably be collected from land developers and 
- commercial interests that derive benefit from roads. 
4 Therefore the national interest in securing an adequate and well- 
_ planned system of roads is not confined to considerations of safety or 
to lessening costs and inconveniences of traffic congestion, however 
important these are as separate matters, but to considerations that 
are vital to general welfare in its broadest implications. 
; The immediate problem is—What constitutes an adequate and 
properly planned system of roads for general welfare in relation 
to existing facts and tendencies ? and therein lies the opening for 
- differences of opinion. The problem must be faced with foresight 
and prudence, and without extravagance. 
eZ In democratic countries such as in Great Britain the Government is 
inclined to be prudent to the point of short-sightedness, whereas in 
more despotic countries the virtue of foresight often leads to 
extravagance. Whilst Britain may envy Germany’s present road 
~ construction plans, no underestimate should be made of the values of 
the traditional British methods of proceeding by gradual evolution 
in meeting new demands, of maintaining the strength of local 


1 In this Paper the word “ road ”’ is used in the generic sense as comprehending 


= used, however, it is intended to have the meaning of a public road on which all aes 
ave a Tight to go, and where a “street” is used it means a road in a town,  ~ 
lined with buildings ; 

eal é 


ia, highway, street, road or road reservation; where the word “ highway Gi ines 
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governments in face of tendencies towards centralization, and of 
flexible rather than arbitrary methods of administration and 
execution. 

Moreover, it should be borne in mind that, however backward Great 
Britain may be regarding the building of new trunk roads for motor 
vehicles, it possesses a network of tributary roads as a nucleus for 
expansion to meet modern needs which is superior in the quality of 
its surfaces and in general utility to that of any country. Great 
Britain is now, however, confronted with the necessity of adopting — 
a bolder policy in road planning than hitherto—if the full benefits — 
of motor transport are to be secured and its toll of human life lessened. 
The Author would emphasize that there is no need to imitate the 
methods of any other country having different economic and 
political conditions and a different conception of what constitutes 
social welfare. 

In its modern aspects, the task of road improvement for general 
welfare in Great Britain consists of developing a national system of 
new express roads as an addition to the system of existing tributary __ 
roads, and of maintaining a proper balance and reasonable fluidity _ 
between the two, or, in other words, to plan new roads and train 
existing highways and streets together so as to form a national — 
pattern. 


NatIonaL PLANNING oF Roaps. 


The Author stated that proposals for national planning of roads 
had been before the public of England for 30 years, and after referring 
to the passing of the Town Planning Act and the creation of the Road 
Board, and also to the Arterial Roads Conference in Greater London, 
set up by Mr. John Burns in 1913, and to the International Road 
Congress which met in London that year, he said that his suggestions 
for planning a national road system had to be confined to stating 
a few broad considerations regarding fundamental aspects of the 
problem. 


FunDAMENTAL AsPEcts In Roap Dssiaqn. 


The primary aim in planning roads in the technical sense is to _ 
reduce the costs of overcoming the friction of space that needs to 
be traversed between any two points. These costs may be defined _ 
in simple terms as distance-cost and time-cost, remembering that 
the latter is more important than the former, especially in the 
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crowded roads of large towns. But there must be included costs 
in terms of human energy—such as physical and nervous strain, 
danger to life and limb, inconvenience and discomfort; and of 
mechanical energy, such as wear and tear of vehicles to overcome 
obstructions as well as distances; and, in addition, under modern 
conditions, depreciation of property values by reason of interference 
with the economic uses of buildings and land on frontages of roads 
in the interest of traffic. 

The reduction of these complicated. costs involves consideration 
of many more problems than directness of route and ease of gradients. 
Mileage costs for motor vehicles in traversing large towns include 
many factors that are incalculable, which is one of the excuses for 
allowing them to mount to almost intolerable proportions. 

Broad considerations in regard to methods of design of a road 
system for national development include : 


(1) Planning the national system of trunk roads, including new 
trunk lines, as the backbone of the system in its ultimate 
pattern, in relation to and in co-ordination with all 
existing highways, waterways, railways, and airports. 
(The inclusion of existing highways in a new road system 
should be subordinate to the new system instead of the 
reverse.) 

(2) Arrangement of lines of new express roads avoiding sites 
that are in close proximity to existing highways with their 
numerous branch connexions and high values of frontage 
land. 

(3) Design of alignment of all new roads and re-alignment of 
existing roads, so as to secure steady flow of traffic and 
reduce distances between points of origin and destination 
of traffic, compatible with ease of gradient and avoidance 
of natural and artificial obstructions to steady flow. . 

(4) Adaptability of widths, designs of cross-sections and surfaces 
of roads to varied uses, and to the different needs of 
traffic and requirements of safety instead of conformity 
throughout to a standardized system. 

(5) Design of junctions so as to facilitate free movement and 
safe conditions for crossing traffic, while avoiding unneces- 
sary high cost or waste of space. 

(6) Segregation of different types of vehicles or road users into 

different roads or paths, including the making of special 


necessary, for obtaining the steady flow of traffic and 
conditions of safety. 7 


provision for pedestrians, cyclists, and riders, where 
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(7) Maintenance of flexibility in design of trunk and express 
roads so as to permit safe and steady interweaving 0 1 
traffic from the branch system of highways. 

(8) Fitting of alignments and widths of highways and streets to 
areas built upon or having a potentiality for building — 
development, and conversely, fitting of buildings to the 
highway or street system in built areas. SF 

(9) Generally, the promotion of a system of a safe and steady 
traffic flow at reasonable speeds for all road traffic in ~ 
town and country. 


It is obvious that the greatest difficulties in giving effect to these 
ideals is in connexion with the approaches to and intersections of 
towns. It will be largely waste of effort to plan a national system 
of highways in England which brings traffic in greater volume to 
the periphery of large centres and fails to provide facilities for 
improvement of communication within and through them. | 

The principles set forth in this Paper do not conflict with those _ 
in the Memorandum on the “ Lay-out and Construction of Roads” — 
issued by the Ministry of Transport.1 The importance stressed 
on the need of an investigation of traffic conditions dealing with a _ 
definite area as a preliminary to planning (Section 2) is an argument 
also for national or large regional surveys. One of the greatest — 
needs is for an aerial map of the whole country, which might be | 
made by the Air Ministry in training its staff, and would add — 
enormously to the utility of the Ordnance Survey maps. . 

On the controversial question of what is the major cause of — 
accidents (Section 3), the Author ventures two opinions. First, that 
a great many accidents that are attributable to the actions of persons _ 
would, in spite of these actions, be unlikely to have occurred but | 
for some imperfection in the plan of the highway, and, secondly, 
that the fact that so many accidents occur on improved roads is 
largely due to the underlying fact that the surfaces of these roads 
have been made perfect for speeding without the roads having | 
been properly replanned to suit the greatly improved conditions 
of the surface. 

In America and in Germany they have found out that roadside 
“ beautification ” is a palliative for relieving the effects of bad design, 
and that every new or widened road should be designed jointly by 
the engineer and a trained landscape architect, so that as a whol 
it will become an amenity, and not an ugly scar made better or worse 
in appearance by attempted “ beautification.” a | 


1 Ministry of Transport, Memorandum on the Lay-out and Construction of 
Roads. No. 483 (Roads). H.M. Stationery Office, 1937. 
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_ Bridges, as an integral part of roads, may be the most pleasing 
‘feature in their architectural design, and the pleasure they give will 
be in the degrees to which their design reveals qualities of simplicity, 
_ conformity to purpose, absence of sham effects, suitability of 
materials, fitness to the topography, and regard for principles of scale 
_ and proportion. 

Prevention of confusing and ugly signs and notice boards, of 
_ obtrusive and sometimes dangerous advertising hoardings, and 
elimination of many obsolete signs, are, however, necessary for 
_ improving appearance as well as utility of roads. 

_ The Ministry’s Memorandum does not raise many controversial 
_ points. There is common agreement regarding unit widths ; utility 
- of dual carriageways; amplitude of margins, central reservations, 
' and space for junctions and roundabouts ; application of super- 
elevation; providing adequate visibility at vertical and horizontal 
~ curves, and for separation of traffic by lines, etc. There is, however, 
evidence of the need of better practice in complying with the 
Ministry's suggestion that highways and islands should not be 
obstructed by erections, as they are on such important roads as the 
_ Kingston By-pass. 

_ The Minister also drew attention to a matter affecting planning, 
namely, the fact that commercial vehicles included 6-wheelers 
~ 30 feet long. It is not unreasonable to raise the question whether 
' Great Britain can afford to build a system of roads to accommodate, at 
fast speeds and under safe conditions, commercial vehicles of unlimited 


_ becomes compulsory by reason of defective roads, it is likely to lead 

_ to difficulties and controversy. On the other hand, it is important 

 thata policy in regard to segregation should be determined in advance 

| 4 of designing and building a new road system. On new motor roads, 

however, the segregation should be in the form of dividing fast from 

slow traffic rather than of separating different types of vehicular 
_ traffic. 


Steps TOWARD A SOLUTION OF Roap-PLANNING PROBLEMS. 


‘The first and most urgent step towards a solution is to promote 
research into problems of planning as fully and intensively as has 
heen carried out with regard to problems of construction, This 
research should be conducted on a nation-wide basis with three 


secondly, to make a plan of appropriate sites for new road reserva- 
‘ons between and surrounding towns, followed by the acquisition 


size and with an unrestricted number of trailers. If segregation | 


main objects—firstly, to obtain essential facts based on a survey; 
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of sites; and thirdly, to elaborate more fully than is now being 
done definite road proposals for improving communications through | 


towns. 
The three objects may be briefly described as follows :— | 


(1) Survey. What is required is to obtain a fuller and more com- 
prehensive understanding than is now available of the extent and 
degree to which improvements can be made in the design of existing 

~ roads in all their aspects as traffic ways ; but also, and simultaneously, — 
to discover their relationship to building development, to landscape 
features, and to anticipated possibilities connected with the building 
of entirely new roads. | 

Such a study is necessary to secure the knowledge required to } 
make a positive plan of road improvements, and to get rid of © 
excessively hampering restrictions of traffic in the alleged interest 
of safety and building on the one hand, and of building development | 
in the alleged interest of safety and traffic on the other. | 

(2) Plan of Reservations for New Roads. On the assumption that _ 

b sufficient information is already available to prove the necessity of — 
building a system of roads for motor traffic on new sites in the ~ 
ne near future, the second object is to obtain a plan showing the most — 
appropriate reservations of land that are available in Great Britain,on — 
: which new routes can be established, expecting that the preparation 
of this plan will be followed by the acquisition of sites. 3 

Until a plan showing possible reservations of land is available, | 

7 the building of new roads must be haphazard and cannot be econo 
“4 mically carried out. The following are among the considerations — 
‘a that should be borne in mind in making the plan of reservations: _ 


(a) The aim should be to reserve a site of not less than 160 feet _ 

wide to permit triple roads, two for fast traffic moving i} 

in opposite directions and one for slow traffic with adequate 

provision for margins, footpaths, etc., as hereinafter — 

described. Building development should be permitted | 

- on one side only, namely, that which fronts on the slo w 

traffic road, which would replace all service roads, 

(b) Close contiguity to lines of existing ‘‘ main ’’ roads should be — 

avoided and lines reserved close to railways, canals, 

rivers, etc., partly to make it unnecessary to compensa 

for severance. Topographical advantages are usually 
greatest along such lines. 

(c) Cross roads should be planned over or under the new road — 

reservation, where this is facilitated by topographical 
conditions. In level areas, adequate roundabouts in t 

traffic routes should be sufficient. 0 
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(d) Where the road reservation must intersect beautiful country 
and form approaches to parks or residential areas, the 
reservation should be planned in the form of a parkway, 
with wider margins and central strips and entire pre- 
vention of ribbon development on both sides. 

(e) Asa rule the triple roads reservation should not enter a town, 
but connect with a similar reservation made surrounding 
the town. 

(f) The proposed triple road reservation is based on acceptance 
of the fact that in Great Britain there must be a high 
degree of fluidity of traffic passing between new and 
existing roads, and between fast and slow routes in the 
interest of commerce and economic land development. 
It also assumes the necessity of group and ribbon develop- 
ment in close contiguity to the main road system and 
provides for this on one side only without any frontage 
on or access to the fast-traffic routes. The present 
method of restricting ribbon development is injurious to 
land development, without effecting more than a widening 
of the ribbons and therefore any real improvement in 
traffic conditions or amenities. A further assumption is 
that fast-traffic routes should not have more than two 
lanes moving in one direction. The slow-traffic route 
would provide partial relief to the fast-traffic routes 
during hours of peak, and this is better, having regard 
to other advantages, than having dual carriageways of 
three lanes, each without the parallel slow-traffic route. 
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(3) Road (Street) Planning in Towns. The third object is that 
bolder and more constructive methods of planning the interior 
arteries of towns must be promoted to link them up with the national 
_ system by new circular roads on the periphery of towns. 

"The three most fundamental principles are—that street planning 
and building development must be dealt with as one problem ; that 
~ more adequate provision should be made for circular flow of traffic ; 
and that in dealing with existing streets each should be considered 
as a distinct problem of design, as well as part of a comprehensive 
pian. 

4 In regard to general traffic circulation, the Author agrees with the 
report of The Royal Automobile Club on London Traffic that perhaps 
the greatest need in London is more adequate provision for circular 


<a 


1 Memorandum on London Traffic, R.A.C. December 8th, 1937. 
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flow of traffic. Another urgent problem of road planning in London Zz g ee 
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is to provide for parking space for cars off the street, including 


underground spaces similar to those constructed in Hastings.1 


CoNCLUSION. 


Dealing, as this Paper does, with the large and complicated pro- 
blem of road planning independently of matters relating to construc- — 
tion and details of design, it has not been possible to touch all aspects — 
relating to design. The Author hopes, however, that he has given ~ 

a broad picture of some aspects of special importance and has 
; thereby raised issues that will stimulate discussion and be provoca~ ~ 
tive of thoughtful attention on the part of those who have it in their 
power to give direction to future policies and methods in the planning 
of roads. 


Section II.—ROAD CONSTRUCTION. 


By Ceci Lez Howarp Humpureys, T.D., M. Inst. C.E., _ 
M.I. Mech. E. . 


(Abridged.) 


INTRODUCTION. 


This Paper is intended specifically to deal with the details of the 
design and, consequently, of the construction of roads as regards 
safety. It is not possible to put forward any revolutionary changes, 
in design. Such things are evolved slowly, partly from experience’ 
and partly from research. 


TENDENCIES OF VEHICLE DrsiGN AND Roap DEVELOPMENT. — 


Future road design cannot be considered without first envisaging — 
the probable tendencies of vehicles. Recent inquiries on a large. 
scale in America 2 suggest that the average driver does not want 
excessive speed, but does want to drive at 60 miles per hour without 
effort. It is also thought that any future passenger car will be 
to negotiate a 10-per-cent. gradient without effort. The limit has 


2 NS EF SSE, k 
_ 1 Sidney Little, ‘“‘.A New Sea Wall, Promenade and Underground Parki 
Station, etc., Hastings.”” Journal Inst. M. & Cy. E., vol. Iviii (1931), p. 5 } t 
* Civil Engineering. Annual Convention Paper. Vol. 7 (1937), p. 
(October, 1937). : mete 
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been reached, it is believed, in tire design from the point of view of 
-road-holding qualities, and a co-efficient of friction of 0-6 between 
tire and road is regarded as a maximum. Sizes of cars will not 
alter much, although doors will remain low and will consequently 
affect the height of curbs. Road clearance will not be reduced below 
8 inches. There is talk of the separation, in some cases, of goods 
from passenger traffic, and there is a demand for high-speed highways. 
These views are not at all unfitted to be held in Great Britain, 
_ though it is questionable whether a 10-per-cent. gradient is desirable, 
- except in cases of great engineering difficulty. There is a tendency 
_ in Great Britain for cars to become more powerful, for their build to 
_ be low, and for the motorist to wish to drive in comfort and without 
_ strain at a reasonable speed. In France the need for motor roads is 
not so great, for outside of the great towns the traffic density is 
relatively small, and France has long had her “ Routes Nationales.”’ 
By-passes around her cities will therefore serve her ends for some time 
to come. Motor roads, “ express highways ? as they are called in 
the United States of America, autobahnen in Germany, or autostrade 
in Italy, have, in the opinion of the Author, come to stay. 
_ The motor road as laid out in Germany 1 has no pedestrians, no 
cyclists, no advertisements, no cross roads, no buildings, and 
access to it for vehicles is at intervals of from 9 to 12 miles. In the 
result it is readily possible to keep up a high average speed without 
exceeding 50 to 55 miles per hour and without fatigue. 
The very words “ high-speed motor road ” conjure up all forms of 
_ objection, of prejudice, and of loose thinking, but until one has been 
 built—why not one from London to Brighton or Dover ?—and given 
a fair trial, there will be no means of forming an equitable judgment 
upon this matter, for, as is so often said, foreign conditions are not 
- English conditions. Used at the speed at which the modern touring 
ear will cruise, such roads should be a blessing to the country, and 
should tend, if rightly designed, to cause the driver to do the safe 
7 thing. The Author wishes to emphasize that it is the sense of irrita- 
4 tion and frustration engendered by the overcrowding of our roads 
_ which causes so many a senseless risk to be taken. 
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That motor roads are ugly—this is entirely untrue if German roads be 
taken asa model. Itis said that England is too small for such roads ; 
this is again a matter of degree. The width of road required for an 
_ American express highway is estimated at 300 feet; an autobahn 


t 1 Preliminary Report by the Members of the Parliamentary Road Group on 
_ the German Roads Delegation on the subject of their visit to Germany, Pp. 8. 


There are other objections which are commonly put forward. - 


3 ‘can be accommodated in 100 feet; the greatest width normally | 
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~ and safety to be derived from a lane of ample width, and the Author 
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contemplated for an English arterial road is 140 feet, so that he , 
necessary acquisition of land is already officially envisaged withou g 
aqualm. Another objection is that the cost is alleged to be impossible. } 
Possibly the true cost is about £80,000 per mile, and a skeleton — 
system of 2,000 miles would thus cost £160,000,000. 


4 


DETAILS OF DESIGN FoR RoapDs IN GENERAL. 


At this stage it is desirable to draw the attention of the lay reader" 
to the “ Memorandum on the Layout and Construction of Roads,” — 
No. 483, published by the Minister of Transport in January, 1937,* 
to supersede Memorandum No. 336 of August, 1930. This booklet | 
contains, without an excess of theory, the consolidated experience of } 
the Department in the light of the policy which has so far been — 
followed. 
(1) Speeds. . | 

It may be considered to be a part of the settled policy of Great 
Britain that in built-up areas the 30 miles per hour speed limit shall — 
remain permanently. Outside these areas the Author considers — 
that speeds up to 80 miles per hour should be taken as the basis of 
design. If a steady average of 50 miles per hour can be kept up on — 
the best roads it is enough for the dimensions of this small island. 


(2) Widths. a 


It is recommended in British practice that the width of a road with — 
cycle tracks, etc., should be up to 140 feet from fence to fence to 
allow for improved amenities. In America parkways are up to 200) 
feet wide, and for express highways even 500 feet has been mentioned. 
(As perhaps some guide to the magnitude of the problem it may be — 
mentioned that a 100-foot strip of land represents 12 acres per mile of © 
road, Obviously if the land is agricultural the extra cost of land is — 
negligible in comparison with the other costs.) 

By the time that cycle paths and footpaths have been provided — 
the 140-foot width leaves little margin for beautifying the roads, — 
and it is perhaps worth while to consider whether, in spite of the 
congestion of this island of Great Britain, a more spacious layout — 
should not be encouraged. 


As to the width of each traffic lane, there is a great deal of comfort 


qi 


is of opinion that the German dimensions of about 13 feet per lane 


1 Footnote (1), p. 507. 
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ance. Itshould be wide enough to allow a vehicle to wait transversely 
to the lines of traffic while it is turning from the ‘“‘ up ”’ to the ‘‘ down ” 
road or vice versa without having either its front or its rear pro- 
_ truding into a carriageway, and, if this is done and the central strip 
is planted with a hedge, it will be found that the headlight glare 
‘problem is to a large extent solved by the separation and cover so 
provided. 


(3) Gradients. 


With self-propelled traffic these are a somewhat minor factor, 
certainly as regards safety. It is of interest to note that practice 
here suggests that heavy traffic tends to avoid routes graded much 
4 in excess of 3 per cent.,1 but in America gradients of 5 per cent. are 
considered 2 to be the limit for express roads. German practice 
" varies between 4 and 7 per cent. on the autobahnen, while Italy 
' prefers 3 per cent. on the autostrade. Probably 5 per cent. is a good 
limit for new road construction. 

_ Gradients should be as long and steady as possible, because on a 
straight road a switchback profile renders night driving unduly 
: _ troublesome, os to the effect of the headlights of vehicles. 


q (4) H pfiolttal Curvature. 


~ Curvature must clearly be governed, as regards safety, by the 

_ distance in which a car can stop. English practice adopts 1, 000 feet 
as a minimum radius. America suggests as much as 3,000 feet as a 
‘minimum for express highways, and German practice on autobahnen 
is from 5,900 feet to 1,960 feet, according to the class of the road. 
It is invariably desirable to use transition curves. 


f 3 (5) Vertical Curvature. 
Practice in Great Britain recommends a visibility of 500 feet. 
_ Similar principles of design are accepted abroad. 


(6) Super-elevation and Camber. 
A clear limit to super-elevation exists if the road is to take weed 


(1936-37), p. 177. (December 1936.) 
'  2(. M. Noble, “The Modern Express Highway.” Proc. Am. Soc. C.E., 


. 63 (1937, Part 8, No. 2), p. 1074. 
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“1 F.C. Cook, “ Road Design and Road Safety.” Journal Inst. C.E., vol. 4 soe 
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an 
traffic, and, in American and German practice, this is considered _ 
to be from 8 to 10 per cent. as against the British 6 per cent. Slow — 
vehicles and horses must be able to negotiate roads without sliding | 
sideways down their surfaces. q 

The question of super-elevation could well be combined with — 
curvature and surface friction for purposes of experimental study. — 

It is difficult to see where the need now exists for the use of camber 
on roads. It is necessary to throw off the water at a rate sufficient — 
to ensure that large puddles, which may cause discomfort to pedes- 
trians and may momentarily blind a driver if he suddenly strikes 
one, are not left. This, however, can well be done by the use of ap! 
flat cross-section tilted towards the side on which the drains are to 
be laid. It is so done on the autobahnen, and the result is that it is — 
equally pleasant to drive on any part of the carriageway, and there — 
is no tendency to hug the centre of the road and so to endanger other _ 
traffic. Even in a single-carriageway road the small ridge which — 
would be formed in the centre if the water were drained to each — 
side would be of use, because drivers would tend to avoid it, and so — 
to keep to their own side. 


(7) Surfacing. i 
This problem is as yet far from being satisfactorily solved. The _ 
essentials of a surfacing are that it should naturally have a high — 
coefficient of friction which remains as little altered as possible — 
under the influence of wet weather ; that it should be light coloured, _ 
or at least “light reflecting’; that it should be resistant to wear; : 
that it should not glisten seriously at night when wet; and that it _ 
should give a sweet running surface with undulations of not more | 
than 0-2 inch.1 There is, so far as is known, no surface which has all 
these characteristics, though much progress has been made of recent > 
years, especially with concrete used both as a surfacing and as a 
foundation. . 


(8) Curbs. 


It appears generally to be agreed that, now that carriageways ; 
are provided with good foundations, raised curbs are no longer — 
necessary to act as abutments in the case of new roads. The road 
in rural areas are better without them. In urban areas they are 
useful, and in fact they are the only possible means of determining 
the edge of the carriageway and forming a water table. In the 

country, however, a grass edge will serve all necessary purposes, 


4 


1 Report of Road Research Bear for i 7 te 3, 
H.M. Stationery Office. pRinsipig Ree grt Malt 
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and if this is virtually flush with the road surface with no open drain 
- nearer than 6 feet from the edge of the latter, the verge so formed 
provides a useful safety margin if a vehicle should run off the road. 

Some means of marking the edge of the carriageway is, however, 
necessary, and a strip of concrete about 3 feet wide outside the 
carriageway proper and made of a dark-coloured concrete has 
much to recommend it. This is the German method, and with 
these strips there is no doubt as to where the edge of the carriage- 
way is. Where a curb is used, a coloured curb would be helpful. 
Where curbs are used in the country they should have splayed front 
faces, but in towns the same considerations do not apply. 


(9) Footpaths. 


Footpaths should always be set as far from the carriageway as 
circumstances will allow. In the country, if it is possible to place 
a hedge between the path and the vehicles, a great advantage is 
secured, and the arrangement adds both to the appearance of the 
road and to the comfort of its users, for the pedestrian does not get 
splashed, and he cannot readily step carelessly off into the path 
of traffic. 


(10) Paths for Cychsts. 

The Minister of Transport recommends that these should normally 
be 6 feet wide, and should be increased by units of 3 feet as the traffic 
warrants it. It is perhaps early to offer any opinion upon the 
adequacy or otherwise of a width of 6 feet for a cyclists’ path, but it 
is pertinent to point out that if a 10-foot track were provided, even 
on one side alone of each arterial road, cyclists would have little 
excuse for refusing to use it, and could with justice be compelled to 
~  doso. On the Continent where a cyclists’ path exists, cyclists must 
use it, and they do so to the great contentment of all parties. 


(11) Road Junctions and Their Control. 
: P The roundabout is both economical and effective. It seems to be 
questionable, however, whether it is necessary in the interests of 
safety to make the ordinary roundabout as restrictive as is suggested 
in the “ Memorandum on the Lay-out and Construction of Roads ”’ + 
(Diagrams 3-8). The dimensions proposed bring a heavy strain on 
to the steering of the vehicle, and this stress might perhaps be some- 
what reduced without serious detriment to the safety of traffic.? 


1 Footnote (1), p. 504. 


eft in each roundabout. This opening would normally be closed and would — 
: be used only for the occasional special load which has great difficulty nowadays — 
in negotiating the ordinary roundabout. ; 


2 Tt would be of assistance to heavy loads if a straight-through opening were _ 
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_ pedestrians, and the present lights tend to add to the eae 


_ Hammond to the Eighth International Road Congress, 1938. 


Flying junctions have not yet appeared in this country. They 
will shortly do so, and will, it is certain, be found to be of immen: 
benefit, for it is only necessary to have had some actual experience _ 
of them to realize their value. 


(12) Surface Dressing. 


It is to be hoped that the day is not far distant when the need 
for surface dressings will disappear and the carriageway materia 
will itself be such that it can provide all the qualities which at 
present can be provided only, sertepk to some extent by concrete) 
by a process of “ gumming” a layer of small stone on to the 
carriageway. a 

Tests appear to show that the best size of stone chippings is from __ 
§ to £ inch,! and they also indicate that, with suitable stone and — 
mixtures, and adhesion, very high coefficients of friction can be 
obtained and well maintained.2 Another most desirable — 
characteristic for any dressing is that of being able to reflect light. —_ 


(13) Distractions. 


What is needed is for the Government, as a beginning in the control 
of its trunk roads, to make a clean sweep of all signs which do not ~ 
tend to road safety and to reduce its own signposting to a minimum 
number of signs of a standard type and thus to set an example; 
as far as possible these signs should not bear lettering. A one-way 
street sign, for example, should be of the diagrammatic Continental 
type, so that the driver need not read any remarks. . 


(14) Refuges and Pedestrian Crossings. 


It is becoming the practice to illuminate refuges,? but it is doubtful — 
whether this is of any assistance to drivers of vehicles. It obviously _ 
is not necessary to illuminate the refuges from the point of view of 


multiplicity of lights and signs. The type which is fitted with 
reflectors, and not too great a number of them, has each 
recommend it. ? 
The pattern of refuge which has now been evolved and which allows 
the pedestrian to cross it “on the flat” is not capable of material 


1 F. C. Cook, “ Road Design and Road Safety,” Journal Inst. C.E., vol. . 4 
(1936-37), p. 181. (December 1936.) : 


* Report by Messrs. C. E. Boast, H. F. Gilbe, W. H. Glanville, and B. © 


* Ministry of Transport Memorandum on the Lay-out and Construction of 
Roads. No. 483 (Roads), p. 16. H.M. Stationery Office, 1937. 
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e improvement, but it is a matter of some interest to consider 
_ whether the guard posts on refuges could not be made of an elastic 
_. material. 

_ As for pedestrian crossings, enough experience has been gained to 
' suggest that the ‘“ Belisha beacons” have little value and do not 
improve the appearance of the streets. From the motorist’s point 
of view a crossing is most readily seen if the carriageway is coloured 
yellow, and the best arrangement will probably be to have the 
- crossings built in coloured concrete blocks, as these have a high 
coefficient of friction. 

Until the Government is prepared to insist that pedestrians shall 
use the crossings provided for them it will be necessary to do every- 
thing to tempt them on to the crossings. Pedestrians will never 
keep to a crossing when there is a large volume of pedestrian traffic 
and little room for it to accumulate on the pavements to wait for 
the traffic to stop of its own accord. In such cases guard rails are 
of limited use, and the only satisfactory alternative would seem to be 
pedestrian-operated lights. 

_ The Author is doubtful whether pedestrians will ever to any great 
- extent use subways to which access is gained by steps, but ramped 
approaches might be more successful. 


_ (15) Aids to Driving in Bad Weather. 
Weather in which design can aid safety is chiefly that in which 

visibility is bad. Snow and ice conditions are not likely to be 
assisted by design, except that, in areas where heavy snowfalls are 
~ common, hedges increase the trouble due to drifts, and open roads 
~ are better. 

The driver who is suffering under the handicap of bad visibility 
is greatly assisted by white or yellow lines along the axis of the 
road. There is probably much to be said for the development of 
the principle (which can at present be used only in concrete roads) 
~ of making each traffic lane in a distinctive colour, always provided 
_ that the difference in colour is sharp. At roundabouts and junctions 
ea good deal of help can be given by painted lines to guide drivers 
into and out of side roads. . 


Oruer PROBLEMS oF DESIGN PECULIAR TO CITIES. 


f. The streets of a great city are an intractable problem. They 


; The chief need of most cities is the provision of by-passes or 
circular roads around them, and some easy means of ingress and 
or 


exist, their wholesale alteration would be expensive to a degree. — . 
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TasLE I,—SrTaTISTICS AS TO THE DEVELOPMENT OF THE MAIN Ri 


(1) Annual receipts from taxation of vehicles (including some small misce! . 


sums). 


(2) Sums abstracted from vehicle taxation receipts by the Treasury. — 


(3) Real income of the Road Fund. 


(4) Annual expenditure of Local Authorities upon highways, including, gener 
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loan charges, but excluding loan expenditure. 


By 


Sums Real income : Grants andi | 
; abstracted of Road Expenditure <e fe | 
ear, | Reveinte | opaste,. | ude | ughwa. | newsoada 
(1) (2) (3) (4) 
£ £ £ aE 
1909-10 290,702 16,841,149 
1910-11 867,493 17,889,962 
1911-12 1,232,924 18,471,582 
1912-13 1,229,003 19,072,791 
1913-14 1,481,398 20,082,489 
1914-15 1,620,974 | Bulk of in- 20,260,684 
1915-16 808,403 come 18,134,104 
1916-17 152,902 | abstracted 16,902,535 
1917-18 173,002 |for war pur- 17,318,052 
1918-19 194,906 poses 18,424,266 
1919 129,763 
8,250,000$ 29,079,139* 
1920 9,432,302 42,703,879 
1921 10,212,458 46,161,055 
1922 11,523,831 45,164,896 
1923 13,313,334 46,713,831 
1924 15,364,407 51,763,340 
1925 17,233,238 55,156,916 
1926 19,032,682 7,000,000 | 12,032,682 56,256,565 
1927 23,456,378 | 12,000,000 | 11,456,378 58,959,425 
1928 25,521,052 4,226,067 | 21,294,985 58,091,315 
‘1929 26,301,965 4,920,467 | 21,381,498 57,762,368 
1930 27,825,174 4,926,041 | 22,899,133 75,715,000 
1931 28,134,723 4,961,000 | 23,173,723 77,509,000 
1932 28,431,766 5,000,000 | 23,431,766 63,947,000 
1933 29,201,133 5,200,000 | 24,001,133 60,352,000 
1934 32,587,589]|| 5,100,000 | 27,487,589 61,125,000 
1935 30,480,176+| 4,977,000 | 25,503,176 
Totals | £364,483,678 £58,310,575 £1,070,858,343 £21,408,4 


* Treland omitted, 
+ Certain reduced levies. 


{ Chiefly Unemployment Grants, work executed by the Ministry of Transport . 


excluding Trunk Road Programme. 


~ 


4 


exit thereto. In the case of London and the very great cities th 
-values of land are such that it is well to consider the possibili 
of overhead and underground roads. The latter method introd 
very difficult problems of entrance, exit, and ventilation, but the 
overhead road has already been used on a large scale. — ; 


i HUMPHREYS ON ROAD CONSTRUCTION. 517 


eo 
‘STEM or Great Britain Stncr THE INCEPTION OF THE RoAD Boarp. 
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_ (5) Grants specifically for new roads. 

_ (6) Grants for “ Trunk” and “ 5-year” schemes. 
{7) Population as estimated by the Registrar-General. 
(8) Numbers of mechanically propelled vehicles taxed. 
(9) Mileages of classified roads. 

(10) Vehicles per thousand persons. 

Be can : < Classified roads in miles. aie 
ae | Sreigaatls | Ponattion | “iis Vehicles 
fo. | and ‘‘5-year’’ 
if ee hg thousands). oe) Class I. Class II. ae ce 
a (6) (7) (8) (9) (10) 
Be £ 
2m 44,519 113,877 2-55 
S| 44,916 151,577 3°37 

me 45,268 192,635 4-25 
4 45,436 242,062 5:33 
3B 45,648 306,860 6-72 
6 46,048 322,221 } 7:00 
ic 44,333 345,874 7:80 
8 43,710 277,022 6-34 
a 43,280 188,728 4-30 
( 43,116 268,518 6-20 

44,599 549,148 12:3 
46,472 22,188 14,399 

47,123 873,665 22,756 14,645 18-5 

44,325 979,000 23,229 14,739 22:0 = 
44,550 1,141,400 24,047 14,638 25-6 
494,219 44,866 1,335,600 24,328 14,930 29-8 
2,812,134 45,014 1,547,000 24,552 15,624 34:3 
1,545,507 45,185 1,729,000 25,111 15,682 38:3 
- 123,042 45,394 1,898,500 25,139 15,686 41-8 
818,053 45,580 2,036,000 25,528 15,747 44:5 
2,311,738 45,685 2,172,800 25,996 15,805 47-5 
14,077,513 45,878° | 2,260,500 26,417 15,924 49-4 
5,432,127 46,082 2,196,100 26,513 16,482 47-6 
1,453,032 46,346 2,219,220 26,585 16,644 47-9 
200,888 46,533 2,282,014 26,663 16,774 49-0 
~ 277,426 46,680 | 2,395,317 26,779 16,837 — 51:3 
265;962 46,885 2,553,975 27,015 16,855 54-6 

£30,412,141 


A special Exchequer grant of £8,250,000. 
| Taxation reduced to 15s. per h.p. 


ae CONCLUSION. 
It is the definite opinion of the Author that a framework of motor 
-oads adapted in their detailed characteristics for Great Britain, oe oa 
ut primarily designed for reasonably high-speed motor traffic, 18 
ecessary and should be begun. 2 
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There are, further, two conclusions, upon eer as hi om 


design, with which the Author wishes to close. Firstly, the proble 8 
of the movement of highway traffic are increasingly tending to 
resemble those of railway traffic and to require the same species of 
guidance in the interests of safety ; and, secondly, as a contributor 
5 to the discussion on Mr. Cook’s Paper } observed, it is “ difficult to 
: believe that the demand for improved facilities [that is, motor roa 
from all road users could be resisted much longer in Great Britain.’ ia 


APPENDIX I. 


af. 
Roap Funp FINance. 


The figures in Table I have been abstracted from the Reports of the Road 
_ Board and the Minister of Transport, and are believed to be substantially correct. 
It will be observed that not until after the war was a material income 
‘Tae by the taxation of motor vehicles ; that from 1910 to 1935 they have contribu 
in direct taxation some £365 millions of money; that the total expendit 
upon the roads in that period has exceeded the enormous sum of £1,070 millic 
that the Treasury began to acquire control of the Road Fund at about 19 
and that its abstractions amounted by 1935 to £58 millions. 


1 Ibid., p. 205. 
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Section II].—ROAD ILLUMINATION. 


a By Lronarp Joun Daviss,! M.A., B.Sc., and GzorcE Sam Lucas,} 
M.I.E.E. 


(Abridged.) 


INTRODUCTION. 


ee Progress in road design continually extends the situations that 
- call for an entirely new standard of road lighting. Methods of 
obtaining the desired standard are technically available and economic- 
ally possible, but the application of these methods needs considerable 
__ extension in the future, if it is to keep pace with modern road works. 
_ A high mileage of road which should be lighted to modern standards 
has no lighting at all, or is lighted to an out-of-date standard. 
The total annual cost of providing and maintaining modern lighting 
_ may be taken on the average to be from £300 to £400 per mile. 
This figure is small in comparison with the cost of the roads and of the 
~ vehicles using them, and it only seems logical that the main arterial 
roads, at least, should be equipped with efficient road-lighting 
installations, 
All who were interested in progressive motor travel conditions 
~ noted with satisfaction the action taken by the Minister of Trans- 
 port.in June, 1934, in setting up a Departmental Committee on 
- Street Lighting, under the chairmanship of Major F, C. Cook, C.B., 
D.S8.0., M.C. The Committee, in its final Report issued in August, 
1937, considered the function of street lighting as covered by four 
headings, namely : 
(a) The convenience and safety of road users. 
(b) Police purposes. 
(c) The convenience of residents. 4 
(d) Special purposes in shopping areas and important urban 
centres, 


and classified the roads into two groups : 


Group A—Traffic Routes : 
Roads on which the standard of lighting should provide 
an ample margin of safety for all road users without the 
use of headlights on motor vehicles. 


~ Group B—Other Roads : 


should be lighted. ; 


e 


= 


os } . Len nc eee SSSI ang z SJ : ‘ 
1 Of the Research Laboratory, British Thomson-Houston Oo., Ltd., Rugby. 


or 
a“ 


All other roads which the responsible authority considers e 


“ 


a 
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The Authors propose to confine their attention to the lighting of | 
traffic routes under Group A. 


FUNDAMENTAL PRINCIPLES OF Roap LIGHTING. 


The principles underlying the successful lighting of a road are 
very different from those governing other branches of illumination 
except, perhaps, certain inspection problems. For normal indoor 
lighting, for example, intensities of 10 to 20 foot-candles are used, 
the objects are close to the observer, and are distinguished by colour 
and brightness contrast. On a roadway with an efficient economic- _ 
ally possible lighting installation the intensity is less than 1 foot- 
candle. Where the light intensity is low and the viewpoint is 
distant from the observer, it is no longer possible to discriminate by 
colour differences, and only brightness contrasts are available. 
Fortunately, on a well-planned installation, objects at a distance 
are seen in silhouette against the bright background of the road, 
and the contrasts thus provided are at a maximum and independent 
of colour differences. The brightness of a background depends upon 
the quantity of light reflected from it into the eyes of an observer. 
In road lighting, therefore, the important factor is not so much | 
the quantity of light reaching the road surface as the amount and _ 
direction of the light leaving the surface. : 

The Ministry of Transport’s Committee, in their endeavour to make _ 
recommendations that would ensure a consistently high standard 
of road lighting, were faced with a very difficult problem. Whilst 
for most lighting problems it is sufficient to specify the light reaching __ 
the object, in road lighting, owing to the peculiar viewpoint, the high 
incident angles of the light at the road surface, and the rapid change | 
in the reflectivity of the road surface at these angles, the quantity 
of light reaching the road is in itself no criterion of the effectiveness 
of the lighting. 

A lighting installation of small light sources correctly placed 
with respect to the observer and the road can be more effective 
than an installation of larger units incorrectly placed. 

The British Standard Specification, which at the moment is 
under revision, classifies roads by the minimum intensity at test 
points between the posts, but it has been recognized for some years 
that this specification does not ensure a standard of lighting consistent 
with present-day requirements. It has been suggested that a 
specification might be based on some measurement of the brightness- 
distribution—maximum, minimum, or average readings—of the road - 
surface, since this is very closely related to visibility ; but there are | 


-= 


th. 
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_ several reasons why a specification on these lines would be 
unsatisfactory. 
- Firstly, the brightness-distribution is dependent not only on 
_ the lighting equipment and the arrangement of this equipment, 
but also on the conditions of the surfaces to be lighted, which vary 
_ from time to time in a manner quite outside the control of the 
lighting engineer. Again, the visibility is concerned with the whole 
field of vision, including the lantern glare, and not only with the 
background surfaces of the road and surroundings. Owing to the 
- changing field of vision as the observer moves along the road, the 
- determination of the optimum brightness distribution is a very 
difficult undertaking. 
Whilst the ultimate responsibility of the lighting engineer should 
be to give adequate lighting under all road surfaces and background 
conditions, with the variation of surface-reflectivity and backgrounds 


RS 


- responsibility for a certain result when the factors are completely 

outside his control or liable to changes of a major nature. Therefore, 
‘although it becomes apparent that the brightness-distribution is 
the criterion of street lighting, it is at present impracticable to use 
brightness measurements as a basis for a specification. Faced with 
this problem, the Ministry of Transport Committee, in its recom- 
mendations, has fallen back on the time-honoured method of 
recommending certain arrangements of the lighting units and the 
quantities of light from the sources which have given satisfactory 
results under all reasonable conditions found in practice. 

At the same time, the Committee has left as much freedom of 
- action as possible to the lighting engineer to permit scope within 
_ the terms of the recommendations for further improvements in 
street lighting, and the importance and value of the trained lighting 
engineer in the planning of the lighting scheme is stressed. 


rege ren 


Tae Propuction oF BricnHt BACKGROUNDS ON THE Roap 
Surrace: THe Ligutinc ENGINEER'S Task. 


The lighting engineer’s task, namely, to illuminate roads for safe 
and convenient night travel, is briefly to provide the motorist with 

a “bright” background stretching into the distance. This back- 
_ ground must include any surface against which it is necessary to see 
_ an obstacle (or an object that might reasonably become an obstacle) 


q brightest, but not outstandingly the brightest, object in the field 
3 of vision. 7 


present in practice it would be unreasonable to impose on him the 


' and must indicate the course and contour of the road. As in all 
_ lighting methods, the surface observed should be, if possible, the 


~ 


“~ 
- 


the “'T” areas of light, so that for every normal position of an 
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It is clear that the lighting engineer can be helped or hindered 
by the design and surface conditions of the road, by the nature of 
the vertical backgrounds, and by the economic conditions governing 
his layout. 

The fundamental surface that has to be rendered bright is that of 
the road itself. Vertical backgrounds at the sides of the roads— — 
fences, houses, walls, hoardings, etc.—present little difficulty as 
long as they are not too dark in colour, but the peculiar viewpoint 
of the road surface to an observer standing on the surface, and the 
high angles of incidence of the light from the lanterns, present an 
unusual problem in lighting as far as the horizontal background 
is concerned. SF 

An observer on the road surface views the surface from 100 to 200 — 
yards ahead at very acute angles, and the light from the lantern 
produces bright areas very different from those seen at most normal 
angles. 

The lighting engineer’s job is to “ patch the road surface’? with _ 


observer the road appears covered with light patches which coalesce, 
but do not overlap unnecessarily. 

The correct positioning of the lantern is quite important. If, 
for example, the rows of lanterns are placed too far apart, dark areas 
appear down the centre of the road, or if the rows are too near 
(excessive overhang) the road has a very bright centre with dark 
curbs. 

Adequate lighting of such danger points as bends, cross-roads, __ 
T-junctions, etc., depends almost entirely on the correct placing of — 
lanterns at these points, and they should be so placed that the 
bright areas fall, for an observer in the normal traffic lane, directly | 
across the danger point. On the bend the lanterns are placed on © | 
the outer radius so that the light patches fall on the road surface 
and not on the verge, as would be the case if the lanterns were placed 
on the inner radius. At cross-roads or junctions the lanterns are 
placed overhanging the traffic lane beyond the road junction, so that 
the patch of light falls across the road entry. ~ 

Since the bright areas start at a point under the lantern, the light- 
distribution of the lantern must be such that light is thrown at least 
to the base of the next lantern in the same traffic lane, and so the 
light-distribution is closely related to the lantern-spacing. With a 
staggered arrangement of lanterns, and a spacing of 150 feet, the 
lantern-distribution must be such that light.is thrown at least 
300 feet along the road in either direction, that is, the light is radiated 
up to angles of about 86 degrees. Some lanterns (which may be 
called “ cut-off”’ fittings) limit the distribution to 70 degrees, and 

7 
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these should be spaced at distances not exceeding 90 to 100 feet, if 


a dark areas are not to appear between the light sources. 

| The angles of distribution of light between 70 degrees and 90 degrees 
_ are thus very important to a lighting engineer. By increasing the 
ye. 


angle 16 degrees from 70 degrees to 86 degrees, the length of the 
bright area on the road is increased approximately four times, but 


ee 


2 this advantage is offset to some extent by the increased light reaching 
_ the observer direct from the light source and causing glare. Criticism 
was sometimes levelled against widely-spaced units of early design 
ee on this account. In more recent lanterns, however, great care is 
- taken with the light distribution at the critical angles to ensure the 


optimum conditions of visibility and the minimum glare. 

It would at first sight appear that “cut-off” fittings closely spaced 
would eliminate glare from all lanterns ahead of the observer, and 
thus result in optimum visibility. It is true that for certain positions 
_ of a stationary observer direct glare is absent, but as the observer 
moves along the road, each successive lantern produces glare at 
some angle, which results in what may be termed “ repetitive ” 
glare. There are sound arguments for supposing that a certain 
amount of direct light from widely spaced units is less distracting 
than repetitive glare. 

Opinion is still divided as to which of the two methods results in 
the better lighting, but having due regard for the economic side of 
the question, it is the Authors’ view that the use of efficient light 
sources in directional fittings at wide spacings results in a better 
standard of lighting than an installation of the same cost com- 
prised of closely-spaced ‘‘ cut-off ’’ fittings. 


RECOMMENDATIONS oF M.O.T. CoMMITTEE. 


These have been dealt with in the Report under the following 
headings :— 
(1) Mounting height. 
(2) Spacing. 
(3) Overhang. 
(4) Siting. 
(5) Power of lanterns. 
(6) Distribution: 
(7) Glare. 
(8) Effect of the nature and condition of the road surface. 
(9) Dual carriageways. 


Mounting Height. 5 
by ‘To produce a continuously bright traffic lane at a lantern-spacing 


cost permits, the average spacing will not exceed 120 feet. 


— " - Ft 
¢ ey o> * a A 
. \ » 
“ae <r 
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of 150 feet, the lantern cut-off must not occur before 86 degrees. 
If, then, the mounting height is halved, the angles would be increas | 
to 80 degrees. Although this angular change is small, the effect on 
glare is very marked, and low mounting heights demand lantern- 
distributions which, if they are to avoid dark areas, produce excessive 
glare. 

Similarly for cut-off fittings with a cut-off at 70 degrees andill a 
mounting height of 25 feet, the spacing in each traffic lane should 
not exceed 90 to 100 feet. If the mounting height is halved the 
spacing should be halved, and the arrangement is uneconomical. 

At the same time it has been necessary to fix a height at which 
the lantern can be serviced from a tower wagon, and 25 feet has been 
chosen as the best compromise. 


Spacing. ; 
The Report recommends a maximum average spacing of 150 feet 
but permits any single span to be 180 feet. It is hoped that, nine 


Overhang. 

The Report states that if the spacings between the rows of ianteall 
exceed 30 feet, dark areas appear down the centre of the road, and if § 
the lanterns overhang the curbs for more than 6 feet, similar dark _ 
areas appear down the curbs. Varying amounts of overhang are 
recommended for different widths of road. While agreeing in’ 
principle with the recommendations of overhang, the Authors feel 
that the choice of overhang is a matter that should be left to the 
discretion of the lighting engineer. 
Siting. 

It is pointed out that central suspension is not advisable except 
in special cases where the road is narrow and fronted by light-coloured 
buildings which reflect the light back on to the road, or where t 
on either side of the road make normal side mounting diffic 


Side mounting is therefore recommended, and several arrangeme 
are discussed. 


Power of Lanterns. 
The power of the lanterns has been riebicc as the ght oy ut 


. anes for roads up a 40 feet in width, ahitat for me een 
requirement of the additional central lantern every three sp 
’ goades the necessary extra ec 
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—~ Distribution. 


: Beyond recognizing two distinct forms of distribution in the 
- cut-off and non-cut-off type fittings, and mentioning that the distri- 
bution of light from the lantern should be designed to produce a high 
and uniform background-brightness, the Report makes very little 
reference to the lantern-distribution. 

There is no doubt that, next to correct siting of the lanterns, the 
light distribution is the most important factor in good street-lighting. 
The correct sharing of light between the road surface and other 
backgrounds, the careful control of the light over the critical angles 
that affect glare, and the general shape of the distribution-curve to 
produce an even road-brightness are all factors of exceptional 
importance. 

In avoiding a decision on this question, it appears that the Com- 
mittee have been influenced by two factors :— 


(1) Without good siting not even the best lantern will give 
a uniform background-brightness, and in covering siting 
the Committee have dealt with the most expensive part 
of any new installation. 

(2) It would. be difficult at this stage, with the varying con- 
ditions of road surface and background, to reach agree- 

La ment as to what constitutes a satisfactory distribution. 


— et aK a 


Meat 


oe a 


Glare. 


The Report does, however, attempt to control the distribution in 
one respect at least—in connexion with glare. The accurate control 
of the light radiated near the horizontal is very important, and the 

_ Report attempts to control this by stating a maximum ratio between 
the light intensity at its peak (occurring between the angles 70 and 
90 degrees, except for cut-off fittings) and the light intensity between 

- 30 and 45 degrees to the vertical. 

Most modern lanterns meet this requirement with little difficulty, 
and it appears that the recommendation was framed to prevent the 
excessive glare from lanterns at lower mounting heights and widely 
spaced, which attempt to throw light to the base of the next standard. 


_ Effect of the Nature and Conditions of Road Surface. 


It is clear that the optical properties of the road surface are of 
_ paramount importance in road lighting. The Report recognizes that 


. _by non-skid, economic and such factors. Z 


4 co-operation between the research workers and the road lighting 


for some time to come the choice of road materials will be governed 


g It is to be hoped, however, that there will be more and-more — x 
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engineers. The Authors do not think that developments are | 


sufficiently advanced for the lighting engineer to specify dogmatically 
his requirements as regards road surface, but some ideal require- 
ments as regards the optical qualities are that the surface :— 


(1) Should be semi-matt and light in colour. 

(2) Should be resistant to the polishing action of traffic. 

(3) Should be- generally similar throughout the country, and at 
least without sudden changes. 

(4) Should not be markedly changed by re-surfacing. 

(5) Should have the minimum difference between dry and wet 
conditions. 


Dual Carriageways. 


It has been suggested that lantern-distribution should be uni- 
directional, but whilst under ideal layout conditions this may be 
advantageous, difficulties arise at road junctions, crossings and 
bends. Some reduction in light in one direction may be possible, and 
the Report recommends that this should be investigated. Otherwise 
the lighting recommended follows the general principles for normal 
roads, each carriageway being treated separately. 


cn al egy AR 
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“The Reconstruction of the Mocoreta and Timboy Bridges, 
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INTRODUCTION. 


a Tue Argentine Eastern Railway between Concordia and Monte 
- Caseros, which was built in about 1870, and was one of the earliest 
- lines constructed in Argentina, is now incorporated in the Argentine 
North-Eastern Railway. . The principal bridges were made of wrought 
iron, and, although built for light rolling-stock, most of them are 
still in service, carrying 100-ton locomotives. For many years, 
however, their condition has not been satisfactory, and slow-speed 
_ orders are in force over most of them. 

_ The bridge over the river Mocoretada consisted of two 30-metre 
 bowstring girder spans on masonry abutments and a central pier of 
cast-iron cylinders, the depth of the latter being unknown. The 
calculated strength of the main girders and deck system did not 


“and 


Bers Correspondence on this Paper can be accepted until the 15th July, 1938, nae 
will be published in the Institution Journal for October, 1928.—SEc. 


provide a satisfactory factor of safety with present-day loads, and x2 on 
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rivets were constantly working loose. The abutment-foundations 
were very shallow, and in 1928 the north abutment began to incline _ 
forward. In spite of attempts to anchor it back, the movement } 
continued, and finally it was necessary to demolish it and substitute — 
a temporary piled support and a short leading-on span. — 

The Timboy bridge consisted of three wrought-iron bowstring — 
girder spans each with an overall length of 20 metres, of very light 
construction, and its factor of safety was unsatisfactory. Rivets 
were constantly working loose, most of the cast-iron bearing plates — 
were broken, and a few cracks were observed in the iron near rivet- 
holes. The spans were carried on masonry abutments and piers, — 
built in coursed ashlar in cement mortar, which were in excellent 


condition. 


Tae MocoretA BripGE SCHEME. 


In 1934 the condition of the Mocoreta bridge called for immediate. 
attention, and in spite of the very poor financial condition of the q 
Company, the construction of a completely new bridge and 
approaches was decided upon (Figs. 1). Borings made on both 
banks and in the middle of the river indicated a stratum of hard _ 
blue clay at level 16-95 metres, or 15:30 metres below the lowest . 
water-level and 20-77 metres below rail-level. This was overlain 
by sand and occasional gravel up to level 27-00 metres, with hard 
earth to the river-bed at about 27-90 metres. The river-banks were 
of clay overlain with sandy earth. . 

In order to minimize the cost of the new bridge, it was decided to 
utilize three available 20-metre plate-girder through spans, originally : 
intended for a new extension but never utilized. Piers were to be 
constructed in the river, consisting of four cast-iron screw cylinders 1 
2 feet 3 inches external diameter, which were also available. Instead. 
of normal abutments, reinforced-concrete pillars on a concrete slab, 
founded on ten reinforced-concrete piles, were to support the ends 
of the main spans, whilst the end slope of the embankment was to 
be faced with dry-stone pitching, and a short approach-span was to 
carry the track from the end of the bank to the main spans (Figs. d 
Plate 1). Observation of the flow through the old bridge during 
floods indicated little current at either abutment, although a ma xi 
mum flow of about 6 miles per hour occurred in the centre of the 
bridge; therefore no trouble was anticipated with this type of con- 
struction. The new bridge was to be constructed alongside the old 
bridge, as near as possible on the downstream side, and new em- 
bankments were to be built in order to modify the curves on either 

side without introducing irregular curvature. It was decided to 
incorporate transitions in the new curves (Figs. 1). <i 
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_ and screwing the cylinders. One Worthington and two Hayward- 
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During periods of drought, which are not infrequent in the locality, — 
the depth of water at the bridge-site is about 8 feet; but after 
heavy rainfalls, which may occur at any time of the year, the river 
rises rapidly to within 5 feet of rail-level. The floods usually subside 
slowly, and the water may remain at a comparatively high level for 
weeks or months. Fortunately the construction of the new bridge 
coincided with an 8-month drought ; but the possibility of a sudden 
flood had to be borne in mind throughout. 3 

The ample depth of water on the site of both piers favoured 
the use of a floating stage rather than of temporary piled structures 
for driving the cylinders, and the possibility of prolonged high water 
rendered this all the more desirable as work could then be continued ~ 
at almost any state of the river. Large pontoons were not available, — 
and in any case could not have been brought to the site easily ; 
but the Company possessed two iron pontoons, 30 feet long and 9 feet 
wide ; these were brought up by rail, and proved adequate. 

A construction-camp was formed at Mocoreta station, 4 kilometres _ 
north of the bridge—the most suitable site—and a temporary siding 
was constructed to accommodate the ballast-train. Work on the 
embankments was commenced on the Ist March, 1935, and as soon 
as possible a siding for unloading materials was constructed on the 
north side of the bridge. A 5-ton locomotive crane was stationed in 
this siding throughout the work, for handling materials and erecting 
the steelwork. 


Serew-Cylinder Piers. 

The equipment for screwing the cylinders and driving the con- 
crete piles included two vertical boilers, installed on the south bank 
of the river, which supplied steam for winches, pumps, and the 
piling-hammer. A Widnes steam-winch, similar to a ship’s winch, 
with two cylinders of 8 inches diameter and 12 inches stroke, 
having a central drum and two capstan heads, was used for setting 


Tyler double-acting two-cylinder pumps installed on the old bridge 
were used for jetting. A 35-foot steel pile-frame with a 1-ton 
single-acting steam-hammer and a small steam-winch was used for 
piling. A three-cylinder petrol-driven Merryweather pump was used 
to supplement the steam-pumps when necessary, whilst a small 
petrol-driven diaphragm suction-pump was also available. A 240- 
cubic-foot Holman petrol-driven air-compressor was used for 
riveting the steelwork. ; 

The cylinders were 2 feet 3 inches in outside diameter, in 12-foot 
lengths, with walls about 14 inch thick, and had inside flanged 
joints formed with twelve 1}-inch turned bolts. The screw-blade, 
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5 feet in diameter, was carried on a 2-foot length of cylinder with a 
cutting-edge at the bottom. On completion of driving, the upper- 
most length was cut to the required dimensions and a cast-iron cap 
with a sleeve 9 inches long fitting over the cylinder was placed over 
the top. 

Screwing was effected by means of a steel capstan-wheel, 20 feet in 
diameter, working on a hexagonal column of cast iron which was 
bolted by means of an intermediate piece to the top of the cylinder. . 
The wheel was turned by means of two steel cables -inch diameter, 
which were first wound on the capstan-wheel and were then pulled 
by means of the two capstan-heads on the Widnes winch on the 
south bank of the river and securely anchored back. One of the 
cables passed around a snatch-block secured from the north bank, 
so that two tangential pulls were exerted, in opposite directions, 
producing a turning effort with little or no bending stress. The men 
working on the cables at the winch soon realized that approximately 
equal pulls must be maintained on each cable, and they were informed 
from the stage when any lateral movement was noticed at the head 
of the cylinder. 

The wheel was mounted on a steel plate secured to the cross- 
members of the floating stage (Figs. 3, Plate 1), which consisted of 
two A-frames, each mounted on one of the pontoons, carrying two 
transverse rolled steel joists at their apex, and the two cross-timbers 
mentioned above, about half-way up. Detachable transverse 
timbers at water-level supported the screw sections during the 
first stage of erection, and formed supports for a working platform, 
besides bracing the two pontoons. The wheel, the hexagonal 
column, and the cylinder-lengths were raised and moved by means 
- of lifting tackle supported from a trolley running along the rolled 

steel joists. The tackle was actuated from the steam-winch and the 
trolley was traversed from side to side by means of a hand-winch 
and an endless cable. : 
For securing the stage in position, six mooring-cables, passing 
through blocks at the level of the wheel, and secured to hand-winches 
on the pontoons, were attached to “dead-men”’ set in the river- 
banks. Owing to a bend in the river, it was possible to secure two 
cables at right angles to the centre-line of the bridge, and four parallel 
to the bridge. 

Light booms were added above the steel joists for manipulating 
__ jet-pipes and other plant. A light gangway was constructed below 

the joists, and ladders up to the A-frames, for the convenience of the _ 


an, 


The position of each cylinder was located by means of a number oe 


of plumb-lines suspended from the old bridge, and little difficulty 
aa 
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was experienced in determining the exact position at any time. 
During screwing operations it was necessary to maintain a continuous 
watch in order to check any tendency of the cylinders to bending. 
The cylinders were maintained vertical by moving the stage slightly 
upon any deviation of the point from the correct position. 
The cylinder-lengths were floated out from the south bank on a 
small pontoon, and were then lifted into position by the tackle on the 
stage. A screw point was placed on the lower transverse timbers, 
and a cylinder-length was bolted on. These were then lowered to 
the river-bed in the correct position, and a loose collar, secured to 
the river-banks by four cables, was dropped over the cylinder down 
to the screw-blade. During the early stages of screwing it was found 
quite easy to control the point of the cylinder in any direction by 
increasing the pull on one or more of these cables (Figs. 3, Plate 1). 
The intermediate piece, of cast iron, 1 foot in length, was bolted to 
the inside flange at the top of the cylinder, and had an external top 
flange by means of which the hexagonal screwing-column was bolted 
on. When the wheel was on the column screwing was commenced, 
the position being checked at each half-turn and corrected as neces- 
sary, until the bottom of the cylinder was well embedded in the 
ground. 
During screwing operations the capstan wheel remained at a 
constant level, the hexagonal column slipping through it as the 
cylinder was lowered. When no more cable remained on the wheel, 
a small locking-piece between the wheel and the hexagonal column 
was withdrawn, permitting the wheel to be turned freely in the 
opposite direction by means of a third cable, thus rewinding the 
main cables. 
The stage had been made sufficiently wide to permit two cylinders 
to be screwed without moving it ; and as soon as the top of the first 
cylinder reached water-level the screw-point and the first length of 
the companion cylinder were erected and driven: meanwhile a 
second length was added to the first cylinder. At first the penetration 
was small, and several turns were necessary to lower the cylinder 
1 foot ; but as soon as the sand was reached the penetration increased 
to between 6 inches and 9 inches per turn. After the cylinder had 
been lowered 3 feet it was necessary to loosen and partly remove the 
core by means of a water-jet consisting of a 14-inch pipe lowered 
from the top through the hexagonal column to within 8 inches of — 
the cutting-edge. Water was forced through by means of one of the 
steam-pumps, and escaped through holes in the intermediate piece, 
carrying considerable quantities of the finer material. After two 
lengths had been driven the sand core was cleaned out by means 
of a diaphragm suction-pump. The 23-inch suction-hose was 
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attached alongside a jet-pipe, and in this manner up to 30 per cent. 
of sand could be pumped up with the water, including stones 1 inch in 
S diameter. Screwing was then resumed, and was continued until the 
resistance became excessive, when the cleaning out had to be repeated. 
Deviation from the correct position after penetration had attained 
about 6 feet was corrected by means of a second jet, lowered outside 
; the cylinder, which loosened the sand on that side, the point usually 
_ moving towards the jet. Outside jetting was also tried, with the 
object of reducing skin-friction during the later stages of driving ; 
___ but this was abandoned, as it caused the cylinders to lose alignment. 
The sand encountered was water-bearing, water rising within the 
_ cylinders about 4 feet above low-water-level. This necessitated 
constant pumping while each new cylinder-length was being bolted 
on. Below level 22 metres, large stones which had not been revealed 
by the trial borings were encountered in the sand, and became wedged 
in the bottom of the cylinders, impeding progress. Such stones were 
largely the cause of breakage of three of the cylinders during the 
# screwing operation, whilst when struck by the screw-blade they also 
deflected the cylinders and impeded the restoration into line. 
iz In order to prevent stones entering the screw end, this was divided 
into four segments by means of two crossed angles bolted in the form 
of a cross across the end (Figs. 4, p. 534, cylinder “ H”’). These 
angles were bent outwards to form a point 8 inches high, and the 
device proved successful in deflecting large stones from the path 
of the cylinder. 
After various attempts, the idea of bedding the cylinders on the 
_ clay was abandoned, and they were left when further screwing 
involved risk of breakage. Thus, cylinder “H” (Figs. 2, Plate 1). 
_was left at level 17-22 metres, after an attempt had been made to 
continue screwing, using six external jets to reduce skin friction. 
When the tension in the cables was released, there was about 4 inch 
of back-spring at the circumference of the cylinder at the top. This 
cylinder ran 12 inches off line, and all attempts at correction were 
ineffectual owing, no doubt, to the pressure of boulders against one 
side : it was therefore pulled over out of plumb and a tapered packing- 
ring was inserted at the joint just below water-level, the upper 
portion being then vertical and in its true position. This cylinder 
__was filled with reinforced concrete as a precautionary measure 
(Figs. 4, p. 534). - 
“With the experience gained on the first four cylinders the other 
four were driven with little difficulty, in 15 working days. A — 
_ stratum of hard gravel was encountered between levels 22-40 metres 
and 21-70 metres. This was passed by cleaning out the core below ~— 
the cutting-edge, and by external jetting. : - 
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On completion of screwing, the upper sections were cut to len: sth 

by hack-saws, and were bolted in position. The cylinder 


s 

cleaned to within 1 foot of the bottom and was filled with coner 

mixed on the north bank and conveyed by means of a ropeway. 
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_ three were broken during screwing by large stones: 
_ ends or fouled the screw-blades, although a number had al 
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__ sunk in sand and gravel, to a smaller depth, without incident. As an 
- indication of the size of the boulders encountered, it may be mentioned 
- that a flat stone, 2 feet long and 18 inches wide, was actually brought 
up on the screw blade of a broken cylinder. 

Cylinder “ H” was the first to break, the fracture occurring with 
the cutting-edge at level 22:20 metres. This cylinder was the first 
to attain this depth, and at first it was thought that the screw was 
_ in quicksand as, when screwing was resumed, the top of the cylinder 
| continued to drop, although in a series of jerks, Later it was realized 

that this was due to breaking up of the fractured ends. 

Cylinder “G”’ was being driven alternately with cylinder “ H” 
and had attained level 19-75 metres, the third section being then 
submerged 8 feet, when it broke at river-bed level. The fracture 

appeared to be due to a flaw in the cast iron, and it was concluded 
that lateral movement of the screwing-head had assisted by inducing 
bending stresses. As the fracture was apparently at the lower end 
of the third section, a wooden tube, 4 metres long and fitting loosely 
over the cylinder, was constructed, and was lowered until its bottom 
___ end was over the second length. The tube had a rubber joint at the 
bottom designed to close on the cylinder-wall when the external 
pressure exceeded the internal pressure. As soon as this was in 
place it was pumped out, when the discovery was made that the top 
flange of the second cylinder-length was also broken. A second tube 
was then constructed and joined to the first, making a length of 8 
metres. This was fitted with a perforated pipe ring fixed on the 
-_ cutting-edge, through which water was pumped, and by loading the 
tube and assisting with an external jet it was lowered until the joint 
_ reached the first cylinder-length (Figs. 5 (a) and 6 (a), Plate 1). 
Attempts were then made to pump out the cylinder to level 24 metres, 
or 21 feet below water-level, but these proved ineffectual as the 
__ pumps became clogged, after about 18 feet had been pumped dry, 
4 by large quantities of sand drawn in with the water entering the 
foot of the cylinder. Attempts were made to plug the cylinder, first 
Py with a canvas bag filled with earth and then with a wooden disk, 
hinged in the centre to allow it to pass the internal flanges. These 
devices were lowered with the tube full of water after the sand had 
heen cleaned out, but it was not found possible to place them suc- 
cessfully at the depth required. A simple cylinder-pump, made 
| from a length of 6-inch pipe, was then constructed and lowered inside 
the cylinder; this, together with three hand diaphragm pumps, 
proved sufficient to lower the water momentarily to the required _ 
level. The wooden disk was then placed by hand, and it was found 
_ possible to maintain this water-level while the broken second cylinder- 
length was unbolted, removed, and replaced with a sound length. 
a = 
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A third length was then added and the wooden tube was removed, 
after which screwing was resumed. 

In the meantime, the screwing of cylinders “‘E” and “F” had 
been started. Cylinder “‘ F ” had attained level 19-55 metres when 
more boulders were encountered and it was broken at the bottom 
end of the second length, about 21 feet below water-level and 13 feet 
under the sand. As difficulties had been encountered in salving 
cylinder “ H” it was decided to work on ‘“‘ F” first. The wooden 
tube was fitted with eight curved iron prongs to guide it over the 
top of the broken cylinder, and was lowered by jetting and weighting ; 
but it was found impossible to pass it over the cylinder. A conical 
sheet-iron tube, 3 feet long and 3 feet 4 inches in diameter at the 
bottom was then fixed to the bottom of the wooden tube, and this 
enabled it to be successfully located over the cylinder (Figs. 5 (b) and 
6 (a), Plate 1). These operations involved considerable work ; but by 
repeated inside and outside jetting in conjunction with the removal 
of sand from just below the bell-mouth by means of a suction-pipe 
and jet lowered outside the tube, the rubber joint was successfully 
lowered over the first cylinder-length. Further difficulty was caused 
by an inrush of sand from the bottom of the cylinder when pumping 
was commenced, and the cylinder-pump became jammed. A filter 
consisting of a perforated drum covered with wire gauze (Figs. 5 (0), 
Plate 1) was fitted, but this also became choked with sand, and when 
an attempt was made to withdraw it, became detached from the 
pump. A collapsible plug of canvas over a frame of wood and iron 
was then devised on the principle of an umbrella, but with parallel 
sides extending from the tips of the ribs (Figs. 5 (c) and 6 (6), Plate 1). 
This was opened after passing below the flanged joint of the cylinder 
and proved successful in stopping the inrush of sand. It was then 
comparatively easy to pump out the tube. 

The discovery was made, however, that part of the upper flange 
of the first cylinder-length was also broken, only four holes remaining 
sound. As it was now necessary to remove the cylinder and screw 
entirely, steel cables were secured to the sound bolt-holes and 
attached to the lifting-tackle on the stage. While six water-jets, 
supplied from four force-pumps, were lowered simultaneously to the 
level of the screw-blade, the tackle was gradually strained until a 
pull of 10 tons was being exerted. The cylinder was lifted slowly 
in this manner for a distance of 9 inches, when the remaining piece 
of flange suddenly gave way. After removal of the broken piece, 
the collapsible plug, and the filter, attempts were made to effect 
a hold on the bottom flange of the cylinder. A grapnel, fashioned 
from a piece of rail with steel cables fastened at the centre, and 
attached to a jet-pipe for lowering, was then constructed (Figs. 6 (c), 
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_ Plate 1). It was found impossible to lower this through the sand in 
the cylinder; but eventually it was placed below the flange by 
- attaching it loosely to the end of a 20-foot rail (Figs. 5 (4), Plate 1). 
_ The cables were then attached to the lifting tackle and pulled, and 
the cylinder was moved a few inches, when the grapnel slipped, 
evidently because it had not been properly engaged. Attempts to 
lower it again proved fruitless, owing probably to pieces of stone 
- _ or iron inside the cylinder. | 
An arrow-headed grapnel was then devised and made from scrap 
__ iron (Figs. 6 (d), Plate 1). This consisted of two diamond-shaped 
-  3-inch plates forming the central body and fixed to the end of a rail. 
Between these plates two arms, also made of Z-inch plate, were 
mounted on pivots, so that they could close against the rail or could 
open to form a cross-arm 1 foot 10 inches in length, which would 
engage in the flange-joint of the cylinder. The arms were opened by 
‘means of light wire ropes. This grapnel was attached to a second 
_ rail, making a total length of 35 feet, and was then lowered by jump- 
ing it and simultaneously lowering a jet alongside until it had passed 
the flange-joint, when the arms were opened (Figs. 5 (e), Plate 1). 
A pull of 12 tons was then exerted while eight water-jets were lowered 
to loosen the sand, and the cylinder was slowly withdrawn. It was 
on the blade of this cylinder that the large stone mentioned on 
p. 535 was brought up. < 
Attempts to lower the wooden tube over cylinder ““H” had 
proved unsuccessful owing to the pressure of pieces of broken 
cylinder, which had fallen crosswise over the broken end. These 
were embedded in 6 feet of sand, and all attempts to move 
them, by grappling with hooks of various kinds, specially-made 
- grappling-irons, jetting alongside, and even sucking sand from 
alongside and below, resulted in failure. It was impossible to 
F excavate the sand, as any hole immediately became refilled. A 
_ two-jawed dredging-grab (of } cubic yard capacity) was then pro- 
cured and was slung from the lifting-tackle on the stage, lowered 
___ in the open position to the river-bed, and sunk gradually by jetting 
all round, until it rested on the pieces of iron (Figs. 5 ( f), Plate 1): it 
-_was then closed and pulled up with the lifting tackle. After several 
' ineffectual attempts, one large piece of iron was removed, whilst later 
a second piece was pulled up. The tube was then lowered. over the 
¥ cylinder, the arrow-headed grapnel was lowered and engaged with the 
} bottom joint-flange, and the cylinder was pulled out in a manner 


_. similar to that adopted for cylinder “ F”’ (Figs. 5 (g), Plate 1). 
As goon as the cylinders had been driven, the horizontal bracing EE 
was cut to length and drilled. The diagonal tie-bars had been 

- supplied with one blank end, which was now forged up and drilled. 


difficulty was experienced in driving them, except that the 


reinforcement being built up beforehand and placed by ¢ 
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The lower horizontals and diagonals were then fixed on the-aylinddle 
above water-level, and were painted. They were attached to the 1 
cylinders by means of collars, one flange of each collar being left 
with the bolts slack. When ready, the bracing was slipped down the 
cylinders to its correct position under water, and the loose bolts Its 
were tightened by means of a long-handled box spanner with ratchet 
attachment. The employment of a diver was thus rendered unneces- 
sary. The remainder of the bracing was then placed, after which the 
cast-iron caps and the capping girders were erected by means of the 
floating stage. 
Abutments. 

The construction of the two abutments proceeded on the river- 
banks while the cylinders were being driven. As no suitable site 
free from flooding was available at the bridge, the twenty-four 
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_ concrete piles were made at the station and henneged by rail. 


was very hard and at times jetting had to be resorted to. 
reinforced-concrete abutments (Figs. 7) were then construc 


order to save time and to reduce the risk of the work being 
_ by a sudden rise of the river. 
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Plate-Girder Spans. 
In order to avoid the necessity of falsework, the plate-girder spans 


"were erected and riveted on the new embankment at the north end. 


A siding was constructed on the new bank, to serve for unloading 
the materials and later for the erection of steelwork with the 5-ton 
crane. On the line of each main girder a 2-foot-gauge track was 
laid, which provided a base for the erection work and enabled the 
girders to be moved forward on trolleys when completed. 

Only the main girders of span No. 1 were erected and riveted. 
These were then moved forward to overhang the abutment, providing 
room for the erection of span No. 2, which was riveted up complete 
with its floor system. The main girders of spans Nos. 1 and 2 were 
then joined with temporary splice-plates and angles on the top 
flange and packing-plates between the ends of the bottom flanges 
(Figs. 9 (c), Plate 1). This joint was designed so that the stress in the 
rivets would not exceed 8 tons per square inch when the girders of 
span No. 1 were cantilevered out to overhang the first pier. The 
joints were never actually subjected to this stress. Span No. 3 was 
also erected and riveted complete, but was not yet joined to span 
No. 2. At this stage spans Nos. 2 and 3 were painted. Spans 
Nos. 1 and 2 together were then supported on rollers at the abutment 
(Figs. 9 (c), Plate 1), and on trolleys under span No. 2 (Figs. 9 (0), 
Plate 1), and were pulled forward by means of the steam-winch and 
tackle until the leading end had traversed half the distance to the 
north pier (Figs. 8 (a), Plate 1). At this stage the tackle was moved 
to the top of a 20-foot A-frame, mounted on the pier, which was 
designed to support 10 tons of the weight of the leading end, thus 
reducing considerably the load on the temporary joint. Care had 


— to be taken to avoid the production of tension in the bottom flange 


of the joint, and the position at which the tackle could be transferred 


to the A-frame had therefore to be determined by calculation. As 


the only firm bearing at the abutment consisted of the tops of the 
concrete pillars, the rollers had to be maintained exactly at this 


point. Rails 1 metre in length were fixed on the tops of the pillars, 


and a track made of channels was secured to the bottom flange of 
the girders, the rollers working between these. The ends of the rails 
were cut to a slope to facilitate the entry of new rollers. As soon as 


a length of the channels had passed the rollers it was removed and 


placed behind ; thus only two lengths were required for each girder. 
When the leading end reached the north pier it was supported on 


rollers, running on rails, 4 metres long, laid along the top of the pier. — 

- Short lengths of channel ran on the rollers, and the girders were — 
supported on these by packing. When the rollers reached the — 
_ south side of the pier, the girders were jacked up and the rollers were — 
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removed to the north end. The position of the rollers on the pier — 
had to be taken into account when calculating the stresses at the 
temporary joint (Figs. 8 (b) and 9 (d), Plate 1). 

As the erecting tracks had sunk, owing to the softness of the earth 
of the new embankment, it was necessary, as soon as the girders 
were moving on two rigid supports, to devise a support at the rear 
end which would remain at constant level. This consisted of a 
lever under the end of each main girder, running on a trolley (Figs. 
9 (a), Plate1). A leverage of 10 to 1 was obtained, using two rails 
for levers; and by loading these rails with sleepers an upward lift { 
ranging up to 13 tons per girder could be obtained easily. As the 
trolleys passed over inequalities in the tracks the levers would rise _ 
or fall, but the supporting force would be constant. The load on the. 
levers was reduced gradually as the girders moved forward, in order 
to avoid tension in the bottom flange at the temporary joint. Spans 
Nos. 1 and 2 were moved forward until the leading end was 5 metres 
from the south pier (Figs. 8 (c), Plate 1), when the tackle was trans- 
ferred to the A-frame, now mounted on that pier. They were then 
pulled forward to the pier (Figs. 8 (d), Plate 1), where rollers were 
placed under the leading end. Span No. 3 was now pulled up and 
riveted temporarily to span No. 2, the trailing end being then sup- 
ported on the levers. The process was repeated until the girders 
were resting over their final positions, when the temporary joints 
were removed and the spans were jacked down on to their bearings. 
The floor of the first span was then erected and riveted by means of 
a hand winch mounted on trolleys running along the main girders. _ 
A working platform was also suspended from these trolleys. A 
similar arrangement was adopted for the Timboy bridge (see p. 543). 
The cross girders and rail-bearers were transferred from a wagon to 
the hand winch by means of the crane standing on the second span. 


Track. 


New 75-lb. B.S. rails on hardwood sleepers were laid along the 
new bank, which was consolidated as far as possible by running a 
locomotive over it. A short length of the old main line at each 
end of the deviation was also renewed, and on Monday, 11 November, 

these were slued over and connected to the new track, bringing the 
deviation and the new bridge into service. 


THe Trwpoy Bripce ScHEME. 
Nature of the Problem. 


The reconstruction of the Timboy bridge presented an entirely 
different problem, and is worthy of notice chiefly on account of the 
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unusual method adopted in carrying out the work. It was proposed 
to cap the existing masonry abutments and piers with reinforced 
concrete, on which would be carried the three new plate-girder spans, 
of similar type to those used at Mocoretaé. These spans were available 
for use, but had to be shortened ; this was considered preferable to 
the purchase of new steel.’ The two end spans were cut off as closely 
as possible to the end cross girders, but one end bay of the central 
span had to be completely modified. This work was done on the 
site prior to erection. 

Like the Mocoretd river, the Timboy river is subject to sudden 
rises at any time of the year, but the water subsides rapidly to its 
normal level and the floods seldom exceed a few days in duration. 
The river-bottom is sandy, but is covered near the bridge-side by 
considerable quantities of stone rubble deposited to prevent scour. 
The depth of water ranges between 6 feet and 12 feet under the bridge, 
the river extending roughly between the centres of the end spans. 
The abutments are built on the river-banks, with fairly shallow 
foundations (Figs. 10, Plate 2). 

The erection of a temporary bridge and deviation to carry traffic 
during the reconstruction was considered, as also was the erection 
of the new spans alongside on temporary staging, to be rolled into 
place. A maximum period of 24 hours between trains, once per week, 
was available, and after careful consideration it was decided that 
this would afford ample time in which to remove one old truss and 
build up a new span in its place. Thus very little temporary staging 
was required, whilst no piling was necessary. The scheme involved 


lowering the old spans between the piers, lifting in the new main 


girders, building up the floor system, and laying a temporary track, 


which would be replaced by the permanent sleepers and rails when 


riveting was completed. Each new span was to be completely 


riveted and painted before the next was renewed, so that one set 


of working stagings would suffice. The old trusses, with track, 
weighed 20 tons, and each new main girder 18 tons; two 10-ton 


_ cranes were therefore required for the operation. 


A short temporary siding was laid on the south side of the bridge, 
the turnout being placed close to the abutment. The ground here 
was high so that only a small quantity of earthwork was required, 
and the siding ended at ground-level. A small area of land was 
rented for the purpose, and was used also for the workmen’s huts. 


“This siding was necessary for unloading materials, and the level . 
ground at the end was utilized for the erection of the main girders. 


Removal of the Old Trusses. . 


In order to lower the bowstring girders between the abutments 
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and the piers, it was necessary to cut off the ends, and thereafter, 
until the renewal took place, the girders were supported on temporary 
trestles in front of the abutments and piers. Wooden supports 
consisting of four 10-inch by 10-inch timber posts, mounted on mud- 
sills and capped with a 10-inch by 10-inch rolled steel joist, were 
erected in front of each abutment, after the ground had been cut 
away sufficiently to permit the old spans to be lowered clear of the 
new girders. The piers, which had cut-water ends, were built 
on rectangular bases, the tops of which were just below water-level. 
These were used to support the temporary trestles, 11-inch by ll-mch 
rolled steel joists placed across each end of each pier supporting - 

a plate girder, 26 inches high and 14 inches wide, which ran the length 


Fig. 12. 


x denotes added rivets i* dia. 
+ denotes old rivets 1° dia. 


‘Two 9° x 3° channels 
with packing plates 
a 


Four 4°x 4" 
x} angles + — 


+ stiffeners welded in 
Two 4" x 4" }° angles to form bearings | 


Scale: 1 inch = 4 feet. 


: Inches 12.6, 0 1 Fs See A ant 


Enp or OLp Marin GirpER AS STRENGTHENED AND Cor. 
of the piers. On this stood four 12-inch by 12-inch timber posts, 
capped with a 10-inch by 10-inch steel joist and secured by bolts 
passing through the masonry. In order to counteract any tendency © 
for the 11-inch by 11-inch joists to tip up when one support was 
loaded, a third beam was fastened between the plate girders, passing 
through the jack-arch of the pier and wedged down from the soffit 
of this arch (Fig. 14, Plate 2). D 

The old bowstring girders were stiffened at each end by adding 
vertical. channels to the end web-plate, forming a short end-post. 
A bearing was made by riveting to the bottom flange of the girder 
two angles back to back (Fig. 12). The spans were lifted slightly 
and blocked up on the supports, and the ends were cut off with a 
cutting torch. This enabled the masonry of the piers to be cut 
away and the reinforced-concrete slabs to be constructed ; the latter 
were made with quick-setting cement. 
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Renewal of Spans. 
In the meantime the main girders for the first span had been 


~ erected and riveted as far as possible, one on each side of the siding, 


with the aid of a 5-ton locomotive-crane. They were then supported 
from two bogie flat wagons by means of a 11-inch by 11-inch steel 
joist bolted transversely to the top flanges at each end of the girders, 
the joists being supported on packing placed on the centre of each 
wagon, so that the bottom of the girders was slightly above rail- 
level (Fig. 13, Plate 2). The wagons were drawn out over the bridge, 
the girders passing outside the old truss until they could be blocked 
up on the ends of the concrete caps (Fig. 14, Plate 2). The joists and 
wagons were then removed. 

As soon as possession of the track had been obtained for the 24-hour 
period, two locomotive cranes of 10 tons and 15 tons capacity 
respectively, each with a wagon of materials attached, were placed 
one at each end of the span to be changed. The track was cut at 
each end of the span by lifting out a short length of rail, the old 
span was lifted slightly, and the capping-joists of the temporary 


_ supports at each end were removed. The old span was then lowered 


on to the transverse plate girders below, and the new main girders 


were lifted, one at a time, and placed on their bearings, set 1 inch 
wide to facilitate the placing of the cross girders. On the top of 
each main girder rails, running the whole length, had been secured. 


On these rails were placed four two-wheeled trolleys, from which 
angle-iron hangers were suspended on the outside of the span, and 


to these hangers were fixed wooden platforms spanning the width 


of the bridge below the girders (Fig. 15, Plate 2). On the same 
trolleys were placed pairs of rails transversely across the top of the 
span, which carried a hand-winch on each pair. Erection of the 


floor system was then begun, commencing with the middle cross 


girder. Each member was picked up in turn by one of the cranes, 


and passed to the corresponding hand-winch, which was run along 


to the correct position ; the girder was then lowered into place and 


bolted up. As soon as the whole floor system was in place, the main 


girders were drawn together by tightening the bolts holding the cross 
girders. A temporary track, prepared in short lengths, was laid by 
the cranes, and the transverse rails and hand-winches were removed. 


_ The bridge was now ready to carry traffic. 


Riveting was continued under traffic, with the aid of the same 
travelling platforms, slightly modified (Fig. 16, Plate 2). Air was 


supplied from the Holman compressor installed at one end of the — 
bridge, whilst rivets were heated below the bridge on the platforms. 


A few rivets in the bottom flange at each end of the girders could be 


put in only by lifting the spans. This operation was carried out 


for the screw-cylinder piers, £850 for the concrete abutments, 
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between trains when possession could be obtained for at least 4 
hours. At first jacking was tried ; but it was found to be quicker to” 
lift the spans by means of two levers, for which the 40-foot plate 
girders previously used for the temporary supports were employed. 
These worked on a fulcrum on the end cross girder of one span, and 
lifted the adjacent span by means of a rolled steel joist bolted across 
the top flanges. The plate girders, weighing 3} tons, could be placed 
quickly with the 5-ton crane, and lifted the spans by their own weight. 

Electric lighting was installed to provide adequate illumination ; 
for the night work. Current was supplied by a small generating- { 
set. For the whole period during which the trusses were on the 
temporary supports, and until the permanent track was laid, a slow- 
speed order was in force over the bridge, and all trains were passed — 
by hand signals, at a walking pace. 

Each span was painted as soon as the riveting was complete, 
after which the travelling platforms and trolleys were removed ready 
for use on the next span. The permanent sleepers and rails were — 
then laid, whilst a short length of track at each end of the bridge — 
was also renewed and reballasted. The old trusses were suspended 
from the new girders as soon as the work allowed, and were then — 
dismantled by means of an oxy-acetylene torch, the pieces being — 
loaded by the 5-ton crane standing on the bridge. — 

Work was started on the temporary siding on the 10th December, 
1935 ; the first span was changed on the Ist February, 1936, starting 
at 6 p.m., and the bridge was ready for traffic by 7 a.m. on the 2nd 
February. The second span was changed on the 21st February, 
between 3.30 p.m. and midnight, and the third span on the 13th 
March between the same hours. The work was completed on the 
7th April, 1936. 


Costs. 


Both works were carried out by the Railway Company’s own. 
forces, supplemented by temporary labour, under the Author's 
directions. The cost of the Mocoreté bridge and approaches 
amounted to £9,300 (at current rate of exchange), including £1,250 


£4,400 for the steelwork, and £2,800 for earthworks and track. 
The cost of the Timboy bridge was £5,050. 

The Author wishes to express his thanks to Mr. R. F. Williams, 
O.B.E., M. Inst. C.E., Chief Engineer of the Entre Rios and Argentine 
North-Eastern Railways, for permission to present this Paper. 


The Paper is accompanied by three sheets of diagrams, from which 
Plates 1 and 2 and the Figures in the text have been prepared. 
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Paper No. 5130. 


“Rapid Staining in Granites used in Civil Engineering 
Work.” 


By Brernarp Howarp Knicut, D.Sc., Ph.D., M. Inst. C.H., and 
Rena GERTRUDE Knicut, M.A., M.Sc. 


(Ordered by the Council to be published with written discussion.)+ 
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INTRODUCTION. 


Tue attention of the senior Author was drawn to the problem of 
rapid staining in certain granites used in civil engineering works 
by reason of trouble which arose with Cornish granite that was 
sent to London for use in the new Chelsea bridge, which was com- 
pleted recently. Some of the grey granite rapidly became yellow, 


~ even while the dressed blocks were on the site awaiting emplace- 


ment in the bridge, and the rapidity with which this took place 
indicated that the phenomenon was different in degree, if not in 
kind, from the more familiar normal weathering of rocks. In order 
to investigate this point, the Authors carried out the research 
described in this Paper. 

The granites concerned came from various quarries in Cornwall, 
and examination of the dressed stone at the site of Chelsea bridge 
showed that the staining was not confined to the granite from any 
one quarry, and that most of the Cornish granites were liable to 
include types subject to this change. Samples were taken from the 


. bridge-site of both fresh and stained blocks, this being followed by 


sampling at the quarries of origin, both at the face and from the_ 


1 Correspondence on this Paper can be accepted until the 15th July, 1938, 
and will be published in the Institution Journal for October, 1938.—AcTING 


Szo. Inst. C.E. 
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stock piles. Thin sections of the samples were prepared, and were 
examined in detail with a petrological microscope. 

Studies of the discoloured rock in various stages of staining 
showed that the rock as freshly quarried had the typical clean grey 
appearance of Cornish granite; careful examination of the freshly- 
fractured surfaces with a powerful hand-lens showed, however, 
that granite liable to subsequent staining is characterized by minute 
spots of a yellowish colour; these spots are known to the quarry- 
men as “ honey-spots,” and are quite a familiar feature to the men. — 


PRELIMINARY TESTS. 


The change in colour of the exterior of the stone from grey to 
yellow suggested that some iron compound was the source of the 
trouble, and accordingly the black (biotite) mica in the rock was 
suspect as being the only bulk mineral containing this element in 
large amounts. Preliminary support was lent to this view by the 
application of a simple chemical test. A filter-paper just wetted 
with dilute sulphuric acid was pressed on to the surface of the stone, 
and then on to another paper damped with a solution of potassium 
ferricyanide. A pattern of prussian blue appeared on the paper 
wherever the yellow stain in the stone had been in contact with the 
acid paper, this reaction being indicative of the presence of iron. 


PETROLOGICAL EXAMINATION OF SPECIMENS. 


Examination of thin sections of a large range of samples of Cornish 
granite was then carried out. The types studied included : (a) rock 
from a quarry which has never been known to yield a rock capable 
of rapid staining; (b) unstained rock from a suspect quarry; 
(c) “ honey-spot”’ rock from the same quarry; (d) stone which 
had stained rapidly. It was found by the Authors that the dark 
mica was the source of the iron staining. It was also found that 
the mica occurred in two distinct types, distinguishable by optical 
means in thin section, one type being liable to rapid change, and 
the other being stable. This and other petrological differences in 
the rocks studied led to their division into :—type A, unlikely to 
become stained even after long exposure to the atmosphere; and 
type B, likely to become stained within a few months after quarrying, 
and in some cases within a few days. 

Type A. Granites of this class contain normal clear quartz, 
which is virtually free from products of decomposition of other 
minerals in the minute fissures which are normally present. Felspar 
is, in general, not markedly decomposed, while the white mica is 
flaky, and free from pleochroic haloes. Biotite mica has a clean 
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appearance, with sharp edges, and cleavages of a well-marked 
character (Fig. 1). The pleochroism (that is, the change of colour 
during rotation in plane-polarized light) is very marked, the range 
being from almost colourless to a deep red of a crimson tinge. The 
interference-figure obtained in convergent polarized light is bi-axial, 
with a negative sign, the optical axial angle being small. Very 
little alteration of the biotite has occurred, but some chloritic 
material is sometimes present. Inclusions are relatively few, and 
are surrounded by markedly pleochroic haloes. 

Type B. The quartz in this type of granite is blebby, and the 
minute fissures are either wholly or partially filled with strings of 
opaque iron oxide, and occasionally with yellow isotropic material 
which passes into scaly colourless micaceous alteration-products 
nearer the biotite crystals. In the more extreme cases, the fissures 
extend into the felspars, which are themselves frequently badly 
decomposed. In addition to the scaly micaceous material men- 
tioned, and the normal white mica as found in type A, a third kind 
of white mica is found. This contains pleochroic haloes, and itself 
appears sometimes to be faintly yellow in colour. Some of these 
flakes contain patches of dark brown mica which pass imperceptibly 
into the white mica without any sharp line of demarcation, such 
as would be reasonably expected to occur if the dark mica were 
true inclusions in the light mica. The inference from these facts is 
that the third type of white mica is an alteration-product after 
dark mica. 

The dark mica in this rock is of two types: (i) similar to that 
already described as occurring in type A granites; and (ii) of a 
kind confined to the type B granites, and considered by the Authors 
to be the mineral responsible for the rapid surface-staining. This 
second type of dark mica is of a deep red-brown colour, and is 
pleochroic, from brown-red to vermilion-red. Its appearance is 
amorphous, patchy or blotchy, suggesting that the mineral is not 
so completely crystalline as the other type of biotite mica. The 
cleavages are not well marked, and the edges are ill-defined (Figs. 2, 
3 and 4), being frequently bordered by a green micaceous or chloritic 
product Which sometimes passes into scaly white micaceous material. 
The interference-figure is either completely uniaxial or nearly so 
(pseudo-uniaxial). Inclusions are commoner and larger than in 
the other type of biotite; they are opaque and non-pleochroic. As 


7 mentioned above, strings of decomposition-products extend from 


this type of biotite into the adjacent quartz and felspar, and in some 


cases these minerals appear to be stained faintly yellow, even in 


thin section. The results of the petrological examination are shown 


in Table I (pp. 548 and 549). 
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Locality. 


> Swell Tor, 
‘ Devon. 


z Carbilly, 
Cornwall. 
De _Lank, 


Kit Hill, 
Cornwall. 


Tresahor, 
Cornwall. 


Higher 
Spargo, 
Cornwall. 


Carnsew, 
Cornwall. 


Pelastine, 
> Cornwall. 
Trevolvis, 
Cornwall. 
Penzance, 
Cornwall. 


_ Creetown, 
__ Kirkeud- 
bright. 
Fyfe, 
Norway. 
Cairn, 
Norway. 
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Cornwall. | 


Rock-type. 


Two-mica 
granite. 


Biotite 


granite. 
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staining 
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fissuring. | position. 
Normal, Very 
little fresh. 
fissuring. 


The data given above were sufficient to confirm the A 
their opinion that an unstable form of biotite mica was th 
cause of the rapid staining of the stone, and their theory 
by examination of other granites which were known 
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material will enable firms to supply a fresh grey granite which will 
retain its original colour. It should also be mentioned that the 
staining is merely a surface change affecting the outer skin only 
of the rock, which detracts in no way from the structural strength 
of the stone, and is only of importance if the engineer reyuires the 
completed structure to be of a uniform grey colour. 

The work of the Authors goes to show that any two-mica granite 
containing the unstable type of biotite mica is liable to show a 
yellow surface-stain on exposure to the atmosphere, and that in 
general, the greater the amount of that mineral, the more rapid 
the rate of change of colour. 

Reference to geological literature shows that in Dartmoor Dr. 
Alfred Brammall 1 has found that “‘. . . in the more acid granites, 
muscovite is common, and the associated biotite . . . often shows 
partial and blotchy discolouration. The occasional occurrence of 
pleochroic haloes in pale yellow to almost colourless flakes suggests 
that the latter may approximate to phengite or cryophyllite evolved 
by reaction processes from the more basic species. . . .”” Further, 
in commenting on the chemical composition of five analysed biotites, 
Dr. Brammall remarks “. . . interpreting the variation broadly, 
with (a) increasing silica percentage, (b) progress from basic to 
acid, and older to newer granites, the micas change in composition 
away from phlogopite towards iron-rich lepidomelane . . . this 
suggests the familiar reaction-process in which the MgO/FeO ratio 


_ is progressively reduced in favour of FeO as silica increases.” These 


observations support the opinion of the Authors that the peculiar 
biotite mica occurring in some of the Cornish granites of an acid 
type (that is, those containing muscovite) was unusually rich in 
iron, and sufficiently unstable to liberate some of this iron on exposure 
to the atmosphere. This point was accordingly discussed with Dr. 
Brammall, who agreed that the Authors’ explanation was perfectly 
feasible. He alsosupplied them with a written communication relating 
to one of the granites investigated by them, and kindly gave per-_ 
mission for quotation of the following therefrom :—‘ On the evidence 
of thin sections alone, I concluded that the mischief was due to the — 
hydrolysis of the peculiar reddish-brown, iron-rich, unstable biotite 


_ variety characteristic of the more acid granites in the Cornwall- 


Devon province. This basic (lepidomelanic %) mica is first hydro- 
lysed to a yellowish-green chloritic substance rarely specific in its — 
properties, but apparently containing FeO in some feeble, vulnerable _ 
combination. I still entertain the belief that this chloritic matter _ 


a The Dartmoor Granite.” Quarterly Journal Geol. Soc., vol. 88 (1932), 
p. 183. 
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is essentially a hydrosol until exposed to the atmosphere or to 
circulating ground-water. It is next oxidized; it usually yields a 
plexus or mat of flakes (sericitic or kaolinitic) in which the ferric 
hydrate (limonitic) is mordanted. The ferric hydrate has a very 
notable degree of “‘ spreading power,” and is mordanted also by 
the absorbent fabric of destabilized felspars. Some of the stronger 
blades of bleached biotite are often margined by this limonitic 
matter, which also penetrates along the mica-cleavages. Its occur- 
rence as a canal-like network in the fractures of quartz, and the 
cleavages and fractures of fresh felspar, is common. A check-test 
on fresh grey and stained granite from the same block showed a 
marked increase in total water. From these facts, I concluded that 
the iron-stain could be reasonably attributed to the destabilization 
of the biotite.’ It was also suggested that the presence of iron 
pyzites might be a contributory factor, but this was not borne out 
by earlier work of the senior Author.! 


ARTIFICIAL ACCELERATION OF STAINING. 


In addition to the petrological studies described, the Authors 
carried out laboratory tests designed to accelerate the change. 
Since the latter appeared to be one of oxidation, concentrated 
nitric acid was chosen as the reagent. Freshly-fractured hand- 
specimens of granite known to be liable to stain were treated with 
a few drops of acid on half of an exposed face, the other half being 
left untreated for purposes of comparison. It was found that in a 
few days there was a marked difference in the colour of the treated 
and untreated surfaces, and that this only occurred with stone 
liable to the change. It was also found that the difference was less 
marked in those granites which were known to be less liable to 
staining. On the other hand it was found that a test-period of 
7 days was not sufficient to detect with absolute certainty all granites 
shown by petrological methods to be liable to the trouble. 


} RESULTS OF INVESTIGATION. 


The results of the investigation may be summarized as follows :— 


(a) Granites which are liable to stain on exposure to the atmos- 
phere contain both white and dark mica. 

(b) The staining is due to the presence of an unstable dark 
mica, which can be recognized in thin section by its 


SF. 


1 “The Influence of Weather on Granite Kerbs, Setts and Broken Stone 
Roads.” Quarry and Surveyors’ and Contractors’ Journal, vol. 29 (1924), 
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distinctive optical properties: it is restricted and local 
in its occurrence, even in the two-mica granites. 

’ (c) The change of colour is a surface phenomenon only, and is 
of no structural significance. 

(d) The staining may be artificially accelerated by the use of 
nitric acid, but the behaviour of the stone under this 
test is to be taken as indicative only, and not as con- 
clusive of its behaviour when exposed for long periods 
to the atmosphere. 

(e) Finally, it was found that the stain can be removed by 
washing with dilute sulphuric acid, but that the effect 
of this treatment is only temporary, and that the trouble 
will reappear. 


The Paper is accompanied by eight photographs, from some of 
which the half-tone page-plate has been prepared. 
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ENGINEERING RESEARCH. 
THE INSTITUTION RESEARCH COMMITTEE. 
Joint Sub-Committee on Vibrated Concrete. 


Tue First Interim Report of the Joint Sub-Committee with the 
Institution of Structural Engineers appointed to consider the effect 
of vibration on concrete appeared in the Institution Journal for 
March, 1937.1 In that Report were given the results of tests 
designed to show the effect on the strength and density of the con- 
crete, of variations in the water/cement ratio, frequency of vibration, 
duration of vibration, and maximum acceleration, one variable being 
studied at a time. 

It was indicated that further experimental work was required, 
and, as a result of the response to an appeal for further financial 
support, it has been possible to complete the investigation 2 carried 
out with the special vibration machine constructed for the tests. 
The results and conclusions to be drawn from this further research 


have been embodied in the Second Interim Report which is given 


below. ' 
There still remain to be investigated the practical difficulties 


involved in the use of vibration as a method of compacting. Before 
work in this direction can usefully be started, however, it is necessary 


~ to be able to measure, on the work, the degree and extent of vibration 


in concrete during compacting, and work is now in progress on the 


development of a simple, compact and inexpensive instrument which, 


when placed in concrete, will indicate the characteristics of the vibra- 
tion of the concrete at the point of measurement. 


1 Journal Inst. oR, vol. 5 (1936-37), p. 435. (March 1937.) 
2 The investigation has been carried out by Dr. F. G. Thomas, Assoc. M. 


| Inst. C.E., at the Building Research Station as work for the Building Research 


Board in co-operation with the Joint Sub-Committee. 
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Investigation on the Vibration of Concrete. 
Interim Report No. 2. 


Further Tests on Concrete Compacted on a 
Vibrating Table. 


INTRODUCTION. 


A study of the effect of compacting concrete by vibration on the 
physical properties of the concrete is being made as part of the general _ 
research programme at the Building Research Station. Since 
April, 1936, the work has been carried out in co-operation with a — 
Joint Sub-Committee of the Institution of Civil Engineers and 
the Institution of Structural Engineers. 

In Interim Report No. 1, published in March, 1937,1 the effects _ 
of the time, acceleration and frequency of vibration were considered | 
in relation to the efficacy of compaction of a 1-to-6 mix (by weight) — 
of concrete with a particular grading of river sand and gravel. 

The work has now been extended to cover other cement-contents ] 
from a 1-to-3 mix to a 1-to-9 mix (by weight) and to determine the 
effect of varying the grading of the aggregate. Besides strength 
tests, the work has included brief studies of the creep, shrinkage, and 
extensibility of some vibrated concretes and of the bond between 
concrete and its reinforcement. 


— 4% 


GENERAL DETAILS OF TESTS. 


All specimens were cast on the larger vibrating table described 
in the previous Report. In all cases the frequency of vibration 
was 3,000 per minute. Ordinary Portland cement was used through- 
out with river sand and gravel. The maximum size of aggregate 
was } inch and the gradings investigated are shown in Figs. 1 to 3. 
Specimens for strength tests were cast in 4-inch cubes in batches 
of three, and two similar batches were made for each variation of 
mix or method of vibration. The difference between the average 
strengths of two such batches was never greater than 12 per cent., 
and was usually less than 5 per cent. : 


Tests Carriep Out. 


The further work to be described and discussed in the present 
Report may be summarized as follows :— : 


? Journal Inst. C.E., vol. 5 (1936-37), p. 436. (March, 1937.) 
Journal Inst. Struct. E., vol. 15 (New Series, 1937), p. 133. 
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(1) The relationship between the water/cement ratio and strength 
of vibrated concrete has been determined for a series of concretes 
with different cement-contents. For each cement-content the effect 
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of varying the grading of the aggregate was investigated (a) for a 
range of times of vibration of from 15 seconds to 6 minutes with a 
constant acceleration of 4g; and (6) for a range of accelerations 
of from lg to 10g, with a constant time of 2 minutes. 
(2) The effect of prolonged vibration of concrete on its strength 
has been determined with a 1-to-6 mix with a water/cement ratio 
of 0-60 (by weight). The effect of intermittent vibration has also — 
been examined. 


Fig. 3. 
B.S. SIEVE NUMBER, 
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(3) Measurements have been made of the shrinkage, elastic and 
creep properties of a 1-to-6 mix with various water/cement ratios 
ranging from 0-35 to 0-60 (by weight). 4 

(4) The bond between concrete and steel has been determined 
with a 1-to-6 mix with water/cement ratios of from 0-35 to 0-60 (by 
weight). These tests included the cases (a) with the bar vertical 
and (6) with the bar horizontal, during placing of the concrete. The 
po of subsequent vibration on the bond-strength was also investi- 
gate ; 

(5) The modulus of rupture was obtained for a 1-to-6 mix with 
water/cement ratios of from 0-35 to 0-60 (by weight). 

For the tests under (2)-(5) above the acceleration was 4g, and file 


time of vibration was adjusted in each | case to give sata 
consolidation. 
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(1) Strength of Vibrated Concrete, and its Relationship to Cement- 
and Water-Content and the Grading of the Aggregate. 


- _—_1-to-6 mia.—The gradings used for the 1-to-6 mix are shown in 
Fig. 1 (p.555). In the previous Report, tests were described for this 
mix and grading V. It was thought possible that with the lower 
water-contents possible with vibration compacting, the sand-content 

could with advantage be reduced, and two of the gradings (W and X) 

_ were arranged on this basis. A third grading (U) with a higher 
sand-content was introduced as a possible limit beyond which the 

_ amount of water required for satisfactory consolidation might 

appreciable reduce the usefulness of vibration. 

The results of strength tests showing the effect of varying the time 
of vibration or the acceleration are included in Tables I (p. 558) 
and IT (p. 559) for a water/cement ratio of 0-40. This was found 
from preliminary tests to be the lowest water-content consistent with 
good compaction of a 1-to-6 mix, for the conditions of vibration used. 
For times of vibration greater than 2 minutes with an acceleration 
of 4g, there was little difference between concretes of gradings U, 
_ V, and W. For shorter periods of vibration the use of grading W 
leads to lower strengths than grading U or V. For all periods of 
vibration, grading X resulted in less satisfactory consolidation 
than that obtained with the other gradings. The strength with this 
grading was reduced, and the surface-appearance was very poor 
indeed, with considerable honeycombing. 

4 When the time of vibration was fixed at 2 minutes and the accelera- 

tion varied it was found (see Table II) that above accelerations of 

4g there was little difference between the degree of consolidation 

f and strength of concretes with gradings U, V, and W. Below this 

acceleration, grading W is not so satisfactory as gradings U and V. 

| Grading X gave poor results throughout. 

The surface-appearance with the highest sand-content (grading U, 

35 per cent. sand) was poor compared with that with 30 per cent. 

sand (grading V), so that 1t appears that a further increase in sand- 
content beyond 35 per cent. would lead to very poor consolidation 

and reduced strengths? 
Mixes Richer than 1 to 6.—Similar tests to those described above 
for a 1-to-6 mix have been made with mixes of 1-to-44 and 1-to-3 
(by weight). In these cases, however, owing to the small differences 
obtained in a 1-to-6 mix with gradings U, V, and W, only the extreme 
gradings U and X were investigated. The water/cement ratios 
chosen were 0°375 (by weight) for the 1-to-4} mix and 0-30 for the 
 1-to-3 mix. The results are included in Tables I and II, from which 
it will be seen that the differences between the two gradings have no 
ps important influence on the strengths of the concretes for these mixes. 
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In view of the fact that a reduction in water/cement ratio is often 
possible when the sand-content is reduced, a few tests were made 
with a 1-to-3 mix with a water/cement ratio of only 0-275, but there 
was still no significant difference between the results with the two 
gradings. 

Mixes Leaner than 1-to-6.—In view of the high strengths that 
are obtainable with a 1-to-6 mix when a low water-content is used 
in conjunction with vibration compacting, it was decided to investi- 


TasiLe I].—Errecr or ACCELERATION ON STRENGTH OF VIBRATED 
CONCRETE. 


(Frequency 3,000 per minute. Time of vibration 2 minutes.) 


7-day strength of 4-inch cubes for various 


Water, F ; 
er] accelerations: Ib. per square inch. 


: Mix cement Gra- 
(by weight). ratio ding. 
(by weight). | 
lg. | 149. 29. 3g. 4g. 5g. 7g. 109. 
U_ |3,920 8,120 8,310 8,300 
-to- . ? ? ? > 
ee f X | 3,450 7,580 7,660 7.670 
U_ | 2,470 5,700 6,620 6,870 
1-to- ? 2 F) > 
BOAR (hn 0376 { x | 2/580 5,540 6,950 6,960 
fi e 5,200] 6,420 6,540) 6,600 
4,600] 6,740 7,060] 7,100 
1-t ey 2 ? ’ ? 
OO) sa 0-0 i Ww 3,400] 5,500 6,800] 6,900 
2% 2,600) 3,700 5,000] 5,830 
ere. 0-6008)| Ee 1,310 4,200 4,480 4,230 
a 2,270) 4,550 4,840 5,020 
1:00 0-60 T, 600 3,100 3,370 3,400 
s, 300 900 2,260 2,160 


gate to what extent it is possible to reduce the cement-content in 
_ vibrated concrete and still to secure adequate strength for particular 


jobs. Tests have therefore been made to investigate the strengths 
of 1-to-74 and 1-to-9 mixes with various gradings. 

(a) 1-to-7} miz.—Preliminary tests with the four gradings given in 
Fig. 1 (p. 555) and a 1-to-74 mix yielded such poor results that it was 
decided to try other gradings, with higher sand-contents with slightly 
‘more fine particles. Thesé are shown in Fig. 2 (p. 555), in which 


grading V is included for comparison. In initial tests to determine 


the most useful water-content it was found that there was little 


_ difference between the concretes using gradings U, and Ts, so that 


it was decided to investigate fully only gradings T, and Tz. The 


_water/cement ratio chosen was 0:50. From Fig. 2 it will be noticed 
that the sand-content was the same for the two gradings. With T, 


the material passing a No. 52 sieve was 9 per cent., as against 


5 per cent. with T,; and the material between 32; inch and $ inch 
was decidedly less with To. 
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The results (see Tables I and II) show that the use of grading T, 
leads to better consolidation, particularly when a high acceleration 
is used. 

(b) 1-to-9 mix.—Two main gradings, S and T3, were investigated 
for a 1-to-9 mix, as shown in Fig. 3 (p. 556), grading V again being 
included for comparison. A water/cement ratio of 0-60 was found to 
be necessary to obtain well-compacted cubes with good surface- 
appearance. When the time of vibration was 2 minutes an accelera- 
tion of 2g was sufficient to compact the concrete with grading Ts, 
whereas’ satisfactory consolidation was not obtained with grading S 
even at an acceleration of 10g. 

When the time of vibration was increased, with a constant accelera- 
tion of 4g, the difference between the strengths with the two gradings 
became less marked, but it appeared that grading S was quite un- 
suitable for use with a 1-to-9 mix of vibrated concrete. 

The effect of reducing the material between 34 inch and % inch 
was investigated by a few tests with grading S,, shown in Fig. 3 
(p. 556). With a water/cement ratio of 0-60 the strength of con- 
crete with aggregate grading S, was 1-23 times that obtained with 
grading §,. When the water/cement ratio was reduced to 0:55 the 
ratio was 1-74. It is therefore clear that the grading with a 1-to-9 
mix is very important. 

Relationship between Water/Cement Ratio and Concrete-Strength.— 
The results of tests on all proportions and gradings for an acceleration 
of 4g and a time of vibration of 2 minutes are shown in Fig. 4. 
Here a curve has been drawn to indicate the maximum strengths 
which can be obtained by vibration for water/cement ratios between 
0-275 and 0-65. This curve is for all practical purposes a straight 
line between the limits investigated. This figure shows the con- 
siderable variation in strength with lean mixes using different grad- 
ings. It is interesting to note that for the 1-to-3 and 1-to-6 mixes 
an increase in water/cement ratio beyond the value giving greatest 
strength causes a greater reduction in strength than that indicated 
by the straight line representing the best conditions. That is, for a 
particular water/cement ratio a higher strength may possibly be 
obtained with, say, a 1-to-6 mix than with a 1-to-3 mix, although 
both mixes can be compacted to the same density-ratio. For 
example, the strength of a 1-to-3-0-40 mix was 20 per cent. less 
than that of a 1-to-6-0-40 mix. Witha water/cement ratio of 0:35, 
on the other hand, it was not possible to get satisfactory consolida- 
tion with a 1-to-6 mix and more cement would have to be used. The 
lowest water-contents which could be successfully used for the various 
mixes in the present tests are shown in Fig. 4. ; 
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_ (2) Effect of Prolonged and Intermittent Vibration on the Strength of 
3 Vibrated Concrete. 


(a) Effect of Prolonged Vibration during Setting and Hardening.— 
In the previous Report it was pointed out that if the period of vibra- 
tion were increased considerably, the 7-day strength of the concrete 
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- might be appreciably affected, particularly with wet mixes. With a& 
- 1-to-6 mix with a water/cement ratio of 0-40 the effect was not im- 
portant, but with a water/cement ratio of 0-60, a 70-per-cent. increase 
of strength was obtained when the period of vibration was extended 
from 2 minutes to 3 hours. oe 
Subsequent tests have shown that the increase in strength with 
_ wet mixes is the result of a decrease in water-content of the main body 


amount of water to the surface and this is allowed to run off so 


_ of the concrete. The vibration with a wet mix brings a considerable 
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that, for example, with a 1-to-6 mix with a nominal water/cement 
ratio of 0-60, the actual water/cement ratio is only about 0-40 after 
3 hours’ vibration. The strengths at 7 days of such a mix vibrated 
for various periods are given in Table III, together with the 


TaBLE III.—Tue Erreot oF PROLONGED VIBRATION ON THE STRENGTH 
; OF VIBRATED CONCRETE. 


| : faire pad evi 

Water/cemen’ ponding to stren; | 2 

Mix Grading Period of | ‘ratio at end | water/cement | obtained : Ib. 

(by weight). | (by weight).| vibration | o¢vibration. | ratio: Ib. per per square 
ch. 


square inch. 
2 minutes 0-58 2,900 2,950 
tana Vv 1} hour 0-42 6,300 4,300 
Ss 3 hours 0-40 6,550 5,040 
6 hours 0-40 6,600 5,200 — 


water/cement ratios at the end of the period of vibration, as deter- 
mined analytically. In this Table are included the strengths that 
could have been obtained at 7 days by vibrating a 1-to-6 mix for 
only 2 minutes with a water/cement ratio corresponding to the value 
at the end of each prolonged vibration. It is clear that the results 
for prolonged vibration are reasonably consistent with the assumption 
that the effect is merely to cause a reduction in water/cement ratio. 
(6) Effect of Intermittent Vibration—It was thought that if a 
concrete mix were compacted by vibration, allowed to remain un- 
disturbed for some time and then subjected again to vibration (due 
possibly to the compacting of subsequently-placed concrete) there — 
might be a detrimental effect on the strength of the concrete. To 
investigate this a series of tests was made in which the concrete was 
vibrated for 3 minutes and then allowed to remain undisturbed for 
various periods up to 17 hours before being vibrated again for a 
further period of 3 minutes. The results, given in Table IV, show 
that the subsequent vibration had no marked effect on the concrete 
strength. ‘ 


(3) Shrinkage, Elasticity, and Creep of Vibrated Concrete. 


Measurements have been made of the shrinkage, elasticity, and 
creep of a 1-to-6 mix, (a) when compacted by hand with a 
water/cement ratio of 0-60, and (b) when compacted by vibration with | 
water/cement ratios ranging from 0-60 to 0-35. 

The shrinkage measurements were made on beams 36 inches long 
with a 4-inch-square cross-section. The elasticity measurements — 
were made on cylinders 10 inches long and 4 inches in diameter, — 
loaded in compression at ages of 7 and 28 days. The creep measure- 
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ments were made on cylinders 10 
inches long and 4 inches in diameter, 
loaded at an age of 3 days to a 
stress of 715 lb. per square inch (the 
total load on the 4-inch diameter 
specimen being 4 tons). The results 
are given in Tables V to VII (p. 
564), from which it will be seen 
that the use of a drier mix with 
vibration considerably reduces both 
the shrinkage and the creep of the 
concrete, and increases the modulus 
of elasticity. 


(4) Bond between Vibrated Concrete 
and Steel. 


A series of tests has been made 
to determine the bond-strength 
between steel and concrete using 
the same mixes as in the creep, 
shrinkage, and extensibility tests. 
A 3-inch diameter mild-steel bar 
was embedded centrally in a 4-mch 
cube of concrete, either (a) with 
the bar vertical or (6) with the 
bar horizontal when the concrete 
was placed. At an age of 7 days 
the bars were pulled from the con- 
crete and measurements were 
made of the slip at the free end of 
the bar. Typical results are shown 
in Fig. 5 (p. 565) and further data 
are given in Table VIII (p. 566). 
It is clear from these that the bond- 
strength is considerably improved 
by using a dry mix with vibration 
compacting. It is interesting to 
note, however, that the use of 
vibration with a wet mix may cause 
a decrease in bond-strength, par- 
ticularly for horizontal reinforce- 
ment. , 

Some specimens were re-vibrated 
18 hours after casting, in order to 
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TapLe V.—SHRINKAGE OF VIBRATED CONCRETE. 


Shrinkage per unit length * in units of 
Water/ 10-6, at age: as 
Mix (by | cement Vn AY. Method of 

weight). | ratio (by Grading. compacting. 7 


14 28 3 6 
weight). days. | days. | days. | months. | months. 


0-60 Hand- | 54 | 85 | 123 | 219 
rammed 
0-60 Vibratedt+| 48 | 73 | 88 | 181 
1-to-6 4! 9.59 v z 2 | 46 | 721 188 
0-40 4 27 | 50 | 77 | 125 
0:35 és 23 | 42 | 64] 113 


* Measurements started when 1 day old. 
+ Vibrated at 3,000 vibrations per minute and 4g until well compacted. 


TasBLE VI.—ELASTICITY OF VIBRATED CONCRETE. 


Modulus of elasticity,* in 


; Water/cement units of 10° lb. per square 
Mix A Method of 5 
(by weight). | ote | redid: "| compacting, ¢___ —tehs 06 9ae7 ae 
7 days. 28 days. 
0-60 Hand- 4:3 4:7 
rammed 

0-60 Vibrated * 4:3 4-8 

ak 0:50 Ms i) 4-9 54 

0-40 ” 6-5 6-8 

0-35 5 6-9 71 


* Vibrated at 3,000 vibrations per minute and 4g until well compacted. 


TaBLeE VII.—CreEp oF VIBRATED CONCRETE. 


Creep per unit length,* per Ib. per square 

Water/ inch, in units of 10-8, at age: 

Mix (by | cement Grading, | Method of 
weight). | ratio (by 8. | compacting. 7 


14 28 3 : es 

weight). days. | days. | days. | months. montin v 

0:60 © Hand- 14 24 32 
rammed 

al 0-60 Vibratedt+| 15 | 23 | 30 
here ee Vv me 6 | 10 |: 14 
. 0:40 5 3 6 9 
0:35 he 4 7 9 


* Concrete loaded at age of 3 days to a stress of 715 Ib. per nan , 
(total load 4 tons). if pet square a 


t Vibrated at 3,000 vibrations per minute and 4g until well compacted. ra 
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determine whether such vibration would affect the bond-strength. 
The results, included in Table VIII (p. 566), show, however, no 
great difference from those obtained with the other specimens. 


(5) Modulus of Rupture. 


The modulus of rupture of a 1-to-6 mix with water/cement ratios 
of from 0-35 to 0-60 (by weight) was determined from transverse tests 
on 16-inch by 4-inch by 4-inch prisms. The results are given in 
Table IX (p. 567). It will be seen that the increase in the modulus of 
rupture when a dry mix is used is not so great proportionately as the 
increase in compressive strength. 


Fig. 5. 


BOND STRESS: LB, PER SQUARE INCH. 


SLIP AT FREE END-OF BAR: INCH, 


Bonp-STRENGTH OF VIBRATED CONCRETE. 


(6) Extensibility. 


A few tests have been made to determine the extensibility (or 
ability to stretch without cracking) of vibrated concrete; these 
indicated that the extensibility is not less than that of hand-com- 
pacted concrete. 


CoNCLUSIONS. 


It should be clearly realized that the conclusions given hereunder 


| _ refer only to the particular concrete used in the tests, and that they 
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Taste [X.—Mopvutus or RUPTURE OF VIBRATED CONORETE. 


a ——— eee 


ae Modulus Ae a : Ib. per 
Mix ater/cement Method of square inch at age 
(by weight). (by reat): Grading. compacting. 
7 days. 28 days. 
0-60 Hand- 400 460 
rammed 
0-60 Vibrated * 370 460 
1-to-6 
y 0-50 v . 470 530 
0-40 As 500 550 
0-35 . 530 650 


* Vibrated at 3,000 vibrations per minute and 4g until well compacted. 


may require revision for larger masses of concrete and different types 

of vibration. 

(1) The grading of the aggregate does not affect the strength 
of vibrated concrete, with a particular water/cement 
ratio, when the vibration is sufficient for satisfactory 
consolidation of the concrete. The grading is of less 
importance for mixes richer than 1-to-6 (by weight) 
than for leaner mixes. The use of a 1-to-9 mix requires 
careful consideration and tests to determine a suitable 
grading. 

(2) For mix proportions of from 1-to-3 to 1-to-9 (by weight) 
and water/cement ratios of between 0-275 and 0-65, the 
relationship between water/cement ratio and the optimum 
strength obtainable with the present type of vibration 
is practically linear. 

(3) In some cases the use of a very rich mix with a particular 
water/cement ratio may lead to a lower strength than a 
leaner mix with the same water/cement ratio. This 
applies when the water-content is such that the use of 
the richer mix leads to a very wet concrete. 

(4) Strengths adequate for many practical purposes can be 
obtained with a vibrated 1-to-9 mix (by weight) with a 
comparatively low water-content, when a suitable grading 
is used. 

(5) The effect of prolonged vibration of a wet mix is to throw 
out excessive water and to leave a concrete with a water/ 


i cement ratio less than the nominal value. ‘This results 


in increased strength ; a higher strength would, however, 
be obtained by vibrating for a short time a mix whose — 
water/cement ratio is equal to the value obtained with 
the wetter mix after prolonged vibration. 

z 
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(6) There appears to be no important effect on the strength of 
concrete if it is subjected to short-period vibration sub- 
sequent to the initial vibration used for compacting it. 

(7) Both the shrinkage and creep of concrete are reduced by 
using lower water-contents and compacting by vibration ; 
the modulus of elasticity and the modulus of rupture are 
at the same time increased. 

(8) The bond between concrete and steel is improved by using 
a lower water-content and compacting by vibration. 

(9) The extensibility of vibrated concrete is apparently not less _ 
than that of hand-compacted concrete. 


It is thought that the work so far carried out has shown that the 
use of vibration as a means of compacting concrete allows a lower 
water/cement ratio than would be possible for hand-tamped concrete ; 
and that the physical properties of vibrated concrete differ from 
those of hand-tamped concrete only in so far as they are affected 
by the change in water/cement ratio. 


REPORT OF THE WELDING PANEL OF THE STEEL 
STRUCTURES RESEARCH COMMITTEE. 


This Report, recently published,1 forms the last section of the work _ 
of the Steel Structures Research Committee. The Panel was 
formed in 1930 to undertake an investigation into the problems of the 
electric welding of steel structures. Reports on the progress of the 
research have appeared in the First and Second Reports of the Steel 
Structures Research Committee, but the research was not completed 
in time for the Final Report of the Committee, published in 1936. 

The investigation may be classified as :— 


(a) Statistical examination of the strength of welded joints. 
(6) Investigation of non-destructive methods of testing welds. 
(c) Research on the fatigue resistance of welded joints. 


(2) Survey of existing published information on the design of — 
welded joints. 


From the statistical examination it is concluded that, in general, 
the quality of the electrode is more important than the workmanship — 
of the welder, but that, confining attention to Grade A electrodes _ 
(that is, electrodes giving a minimum weld-metal strength of 28 tons — 


* Published by H.M. Stationery Office. Price 6s. 
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per square inch), workmanship of the welder becomes the more 
important factor. Much more consistent results are obtainable 
with butt-welds than with fillet-welds, but the occurrence of cracked 
fillet-welds is nevertheless very low. The ductility of butt-welds is 
much below that of ordinary structural steel. Whilst there is little 
difference between the average strength of horizontal and overhead 
fillet-welds, the strength of vertical fillet-welds is in general less. 

In view of the desirability of developing a practicable commercial 
field-test for non-destructive routine examination of welds, X-ray, 
magnetic, electrical, and stethoscopic methods were investigated. 
By no method was it possible to obtain consistently reliable results, 
and the attempt to develop a satisfactory field-test was considered 
unsuccessful. Radiographic examination is of use in the case of 
butt-welds, but is unsuitable on the grounds of expense for field- 
tests except in the case of particularly important welds. 

The fatigue-strength of actual weld-metal is definitely lower than 
mild steel of the same tensile strength. The normal static test of a 
fillet- or butt-weld is no indication of its strength under repeated 
loadings. Stress-concentration at the roots and toes of welds 
becomes of great importance. The tests emphasized the superiority 
of the high-class covered electrode over the bare-wire electrode. 
Nevertheless, tests abroad indicate that the fatigue-strength of a 
good welded joint is not necessarily less than that of the corre- 
sponding riveted joint. The possibility of fatigue-failure in welded 
connexions of steel floor-beams was found to be far too small to merit 
consideration, except in buildings in which heavy machinery rests 
upon the frames or in which marked impact-loading occurs. 

A survey is given of existing published information on the design 
of welded joints under the headings : 

Part 1.—The strength of, and the stress-distribution in, welded 
joints. 

Part 2.—The influence of fatigue on the design of welded 
connexions. 

Part 3.—Residual welding stresses. 

Part 4.—Strengthening riveted joints by welds. 

Part 5.—Welded structural connexions. 


Attention is drawn to the fact that little is known concerning the 
effect of residual stresses on the load-bearing capacity of a welded 
structure, and it is suggested that welding processes should be 
arranged so as to reduce such stresses to a minimum. In con- 
nexion with the strengthening of riveted joints by welding, the need 
is pointed out of subjecting the joints to sufficient load during the 


_ process to eliminate further slip under subsequent loading. 
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It is concluded that the investigations have produced much new 
information, which should form a useful basis for a code of practice 
for the use of electric welding in building construction. Such a code — 
is being prepared by the Institute of Welding, at whose disposal the 
results have been placed. 


RESEARCH WORK IN ENGINEERING AT 
LOUGHBOROUGH COLLEGE, FEBRUARY, 1938. 


Cwil and Mechanical Engineering. 


A comprehensive series of researches is being made into the per- 
formance of the pelton wheel. The effect of modifications in bucket 
design, inclination of buckets, position of jet, and operating speed, 
have been studied stroboscopically and quantitatively. Several 
modifications have been made leading to increased efficiency of 
operation. 

At the same time centrifugal-pump performance has been investi- 
gated, a careful study being made of the speed and direction of flow 
in the water passages by pitot-tube exploration. Mixed-flow and 
axial-flow impellers are being studied. A similar exploration has 
been made of the flow in pipe-bends. 


Electrical Engineering. 

A research—temporarily suspended—has been instituted into the 
effect of variations of temperature and humidity on the breakdown 
voltage for surface-discharge across high-tension insulators. High- 
voltage apparatus is available capable of producing voltages of 
500,000 at ordinary power-frequencies, and 800,000 as an impulse 
voltage. 


Chemical Engineering. 

Researches of engineering interest are a study of the effect of 
adsorbed gases on the properties of metals, and a study of the effect 
of small additions of hydrogen, methane, acetylene, and ethylene to 
carbon monoxide on the rate of ignition of an explosive mixture. — 
It is found that the presence of slight traces of these gases has a 
profound accelerating effect upon the rate of ignition, This research — 
is of value in connexion with the gas-engine. 

In addition, work is being carried out on the practical study of — 
lubrication problems, and laboratory and engine tests are being 
correlated with the action of metal detritus in the ageing of com- — 
pounded oils. Other problems being investigated cover the high- 
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temperature and pressure reactions of hydrocarbons, and other 
reactions with ammonia and similar substances. 


Aeronautical Engineering. 


A closed wind-tunnel 2 feet square, with possible wind-speeds of 
up to 100 miles per hour and an open-jet return-circuit wind-tunnel 
12 inches in diameter have recently been installed, but no research 
has as yet been initiated. 


The above researches are being carried out under the direction of 
Messrs. T. E. N. Fargher, Ph.D., M. Eng., Head of the Department 
of Civil and Mechanical Engineering; J. F. Driver, Head of the 
Department of Electrical Engineering; and G. M. Dyson, B.A., 
B.Sc., Ph.D., Head of the Department of Chemical Engineering. 


NOTES ON RESEARCH PUBLICATIONS. 


1. ENGINEERING CONSTRUCTION. 


(1) Surveying. 
*Accuracy of stereo-photogrammetric point-fixing, Zeit. Vermessung., 
147,101. 
_ Summary of progress of the Geological Survey of Great Britain and 
the Museum of Practical Geology for the year 1936, Part II. H ou 


Stationery Office. 

(2) Engineering Physics. 

(a) Elasticity and other mechanical properties. 

The forces acting between atoms and ions and the physical properties 
of matter in bulk, Phil. Trans. Roy. Soc. London, Series A, 287, 
105. 

Relaxation methods applied to engineering problems : II. Basic 

. theory, with applications to surveying and to electrical networks, 

and an extension to gyrostatic systems, Proc. Roy. Soc. London, 


Series A, 164, 447. 


a _ The figure in heavy type is the number of the Volume; that in brackets the 
; number of the Part; and that in italic type the number of the Page. 
In references to “ Engineering Abstracts > the number of the Volume is given 
in heavy type, the section is indicated by the abbreviation Con., Mech., Ship., 


or Min., and the number of the Abstract is printed in italic type. The scheme 
of tabulation is given in the January, 1938, Journal (pp. 475-477), to which 
reference should be made. ; 

; * When it is known that a reference will appear in an early issue of 


“Engineering Abstracts” this fact is indicated by an asterisk. 


572 ENGINEERING RESEARCH. 


Graphical computation of stresses from strain data, U.S. Bur. Stand. 
J. Research, 19, 437. 

Notes on the stability of columns and beams, Struct. Eng., 15 (9), 
350. 

Laterally-loaded struts. An alternative to Perry’s approximation, 
Struct. Eng., 15, 403. 

Two laws concerning the speed of rebound and the energy absorbed 
in impact of a hard body on a soft metal, Comptes Rendus, 206, 
483, 

Buckling of slighty-curved rods, Zeitschrift fiir angewandte Mathe- 
matik und Mechantk, 18, 21. 

Distribution of stress in a square plate pierced in its centre by a 
circular hole, Zeitschrift fiir angewandte Mathematik und Mechanik, 
18, 44. 

Method of treating problems of stability by the consideration of the 
energy, Zeitschrift fiir angewandte Mathematik und Mechanik, 18, 57. 

Spiral springs with a small number of turns, J. Franklin Inst., 225, 
dip ie 

Equilibrium of a thin plate, symmetrically loaded, resting on an 
elastic foundation of infinite depth, Phil. Mag., 25, 576. 

Elastic limit of steels under repeated loading, Forschung Gebiete Ing., 
9, 14 (Eng. Abs. 1, Mech. 175). 

Yield point obtained by the tensile strength test, with special reference 
to the influence of the method of stressing and the resiliency of the 
machine, Stahl und Eisen, 58, 62. 


~ (b) Soil Mechanics. 

An instrument for measuring the workability of clays, Am. Ceram. 
Soc. J., 21, 33. 

A new method of determining the swelling of clay, Pedology, 82, 259. 

Mass equilibrium and the study of foundations, Ann. Ponts et 
Chaussées, 97 (7), 59. 

The scientific method in earthwork, Civil Engg., 7, 827. 

Shear strength of cohesive soils, Bautech., 15, 433. . 

*Geophysical study of soil dynamics, Am. Inst. Min. & Met. E. 
Tech. P. No. 834. 


(c) Mechanics of Fluids. ; 
Method for determining the circulation around a straight lifting line, 
Zeuschrift fiir angewandte Mathematik und Mechanik, 18, 12. ty 
Flow produced in a gas by a rotating system of vanes in star, Zeit- 
schrift fiir angewandte Mathematik und Mechanik, 18, 31. ahs 
Practical application of the analogy between suprasonic flow in gases — 
and hypercritical flow in open canals, Zeitschrift fiir angewandte 
Mathematik und Mechanik, 18, 49. | | a 
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Calculation of boundary layers, Zeitschrift fiir angewandte Mathe- 
matik und Mechantk, 18, 77. 

Extension of the methods of calculation of turbine rotors to certain 
vanes fixed or mobile in flow around a centre, Comptes Rendus, 206, 
678, 

Longitudinal waves of very high frequency in viscous fluids, Comptes 
Rendus, 206, 658. E 

Flow of homogenous fluids through porous media, M. Muskat 
(McGraw-Hill Book Co. Inc.). ; 

Representative hydraulic laboratories in the U.S. and Canada, 
J. Boston Soc. Cw. Engrs., 25, Section II, 53. 

Current hydraulic laboratory research in the U.S. Nat. Bur. 
Stand., Hydraulic Laboratory Bull. VI., Jan. 1938. 

Use of pipe bends as flow meters, Engineering, 145, 227. 

(3) Operations and Methods. 

Development of single-bucket excavators, Paper (preprint), The Inst. 
Mech. E., 18th Feb. 1938. 

*Machines and methods for canal construction, Civ. Engg. (N.Y.), 8 

104. 

Methods of dealing with bridge foundations in bad ground or under 
water, J. Inst. Mun. & County Eng., 64, 1328. 
Investigation of the stresses in reinforced-concrete piles during 
driving, D.S.I.R. Building Research Tech. Paper No. 20. 
Influence on strength of the method of placing concrete, Bull. 
Technique de la Suisse Romande, 63, 154. 
*Blectric welding of reinforcing-rods, Génie Civil, 112, 80. 
(4) Structures. ; 
(a) Earthworks, foundations, etc. 
-*Welded caissons for foundation work, Ossature Métall., ‘7, 49. 
(c) Capacity Structures. 
Impermeabilizing concrete, Chem. Abs., 1938, 32, 747. 
(d) Bridges, Arches, Roofs, Hangars, etc. 

_ Model analysis of structures, J. Boston Soc. Civ. Engrs., 25, Section I, 
30. 

*Stability of solid arch ribs, Bauing., 18, 812. 

Practical method of calculation for Vierendeel truss bridges, Memoirs 
Fac. Eng. Hokkaido Imp. Uniw., 4, 29. 

*Speedy and accurate method of wind-stress calculation for high 

~ storied bents, Memoirs Fac. Eng. Hokkaido Imp. Univ., 4, 75. 

*New method of rapid computation of secondary stresses in simple 

bridge trusses, Memoirs Fac. Eng. Hokkaido Imp. Uniw., 4, 115. 
“Concerning a problem of the theory of shells, Comptes Rendus de 
 PAcademie des Sciences de VU.8.8.R., 1937, 14, £83. 
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Reinforced-concrete “ shell” roof construction, J. S. African Inst. 
Engrs., 86, 142. 

Investigation of the resistance to buckling, elastic deformation, and 
creep of concrete arch bridges, Bauing., 18, 487. 

Modular ratio and modern design methods for reinforced concrete, | 
Zement, 26, 677. 

Crack-width as a measure of permissible stresses, Zement, 26, 365. 

Studies of reinforced-concrete barrel arch design and estimating, 
J. Inst. Mun. & County Engrs., 64, 1297. 

(f) Bualdings. 

Wind action on buildings, Engineering, 145, 280. 

The flow of gases through a porous wall, Bull. Chem. Soc. Japan, 
12, 304. 

Review of tests on masonry-wall resistance to rain-penetration, 
Building Standards, 1938, '? (2), 4-14. 
Condensation in attics and walls, Automatic Heat and Air Condition- 

ing, 8 (12), 46, and Heating, Piping, 10, 153. 

Proposed specification for classifying house paints, Ind. Eng. Chem., 
29, 1018. 

Technical instructions for air-raid shelters, published by Commission 
Fédérale de Défense Aérienne Passive, Berne, 1936. 


(5) Ratlways, Roads (excluding rolling stock). 

- Proceedings of the 23rd Annual Highway Conference, 1937, Univ. 
of Michigan, Official Publication, 89 (22): 4 

Present knowledge of the design of flexible pavements, Public Roads, 
18, 201. . . 

Principles of design of flexible-type pavements, Proc. Assoc. Asphalt 
Paving Technologists, 1937, 285. 

Adhesion of bituminous binders to road aggregates, J. Inst. Mun. & 
County Engrs., 65, 1401. 

Mechanical properties of bituminous surfacing materials under con- 
stant stress, Bull. Perm. International Assoc. of Road Congresses, 
115, 3. 9: | 

Thin tar carpets, Highways and Bridges, 4 (187), 4. 


Vibrations caused by road traffic, Ann. Trav. Pub. de Belgique, 38, 
663. j 


(6) Docks, Harbours, Canals (including the constructional aspect of — 
Irrigation and Drainage), and Rivers, Coastal Works. - 
Kast London Harbour improvements, The Engineer, 165, 213. 
Selected bibliography on erosion and silt movement, U.S. Dept. of 
Interior, Geol. Survey Water-Supply Paper 797,” i. 
*Variable multiple-weir canal drop, Civ. Engg. (N.Y.), 8, 115. 
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Seeping of water from an open canal into deep soil, Zeitschrift fiir 
angewandte Mathematik und Mechanik, 18, 39. 

(7) Water Engineering. 

(a) Supply. 

Biology of water-supply, British Museum (Natural H istory) Economic 
Series, No. 7A. 

Chlorination of water, Chem. & Ind., 57, 241. 

*Study of the loss of head in Eternit pipes, Bull. Tech. Suisse Romande, 
64, 29. 

Lead joints for pipes, Chem. & Ind., 57, 199. 

Sulphur compounds as pipe-jointing materials, Engineering and 
Contract Record, 50 (93), 14. 


(8) Sanitary Engineering. 

Emission of industrial smoke, J. Roy. San. Institute, 58, 581. 

Main sewerage and river flood relief by means of siphons, J. Inst. 
Mun. & County Engrs., 64, 1385. 

Theoretical and commercial aspects of flocculation, Inst. Chem. 
Engrs., Paper read on 8th March, 1938. 

Size analysis by photographic sedimentation, Inst. Chem. Engrs., 
Paper read on 8th March, 1938. 

Sewage Works J., 10 (1). ; 
Viscosity or pseudo-plastic properties of sewage sludges, p. 3. 
Studies of activated-sludge oxidation at Indianapolis, p. 26. 
Aspects of sewage chlorination in 1937, p. 74. 


2. MecHaNicaL ENGINEERING. 


(1) Prime Movers. 
~ Powdered fuel firing, J. Inst. Fuel, 11, 195 (Eng. Abs. 1, Mech. 137). 

Automatic gas-fired, storage-type water-heaters, Engg. Bull. Purdue 
Uni. 21, (4), Research Series No. 58. 

Projection of the flame due to the explosion of gaseous mixtures, 

Comptes Rendus, 206, 603. 

Model experiments on the flow of heating gases in combustion- 
chambers and furnaces, Forschung Gebiete Ing., 9, 41 (Eng. Abs. 1, 
Mech. 133). : 

*Metallurgy of a high-speed locomotive, Rly. Gazette, 68, 303. 

Experiments on model locomotives in a wind-tunnel, Rev. Gén. Ch. 
de F., 57-1, 34 (Eng. Abs. 1, Mech. 158). 

Measurement of dynamic forces on railway rolling stock by piezo- 

electric-dynamometers, Rev. Gén. Ch. de F., 57-1, 3 (Eng. Abs. 1, 


| 
} 
4 _ Mech. 169). 
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(5) Processes. 
Cutting and tempering of structural steels, J. Am. Weld. Soc., 17 
(1), 7 (Eng. Abs. 1, Mech. 178). 
Welding of low-alloy steels, J. Am. Weld. Soc., 17, (1) Supp. 8 (Eng. 
Abs. 1, Mech. 176). 
Shrinkage stresses in welding, J. Am. Weld. Soc., 16 (11), Supp. 4. 


(6) Lubrication. 
*Lubrication of locomotive cylinders, Tech. Moderne, 29, 777. 


3. SHIPBUILDING AND MARINE ENGINEERING. 
Modern marine steam-turbine design, Trans. Inst. Marine Engrs., 
50 (1), 1. ; 
Turbo-compressors for high pressures, Trans. Inst. Engineers and 
Shipbuilders in Scotland, Feb. 1938 (Eng. Abs. 1, Ship., p. 7). 
Marine boilers in 1937, Engineer, 14 Jan. 1938 (Eng. Abs. 1, Ship., 
p. 7). ; 
The labryinth packing, Engineering, 21 Jan. 1938, p. 83 (Eng. j 
Abs. 1, Ship., p. 6). 
Recent developments in ship propelling machinery, Engineer, 14 Jan. 
1938 (Eng. Abs. 1, Ship., p. 7). 
Effects of viscosity on the wave-making of ships, Inst. Engrs. & 
Shipbuilders in Scotland, Paper 981. 
Ship stresses in rough water in the light of investigations made upon 
the motorship “ San Francisco,” Trans. N.E. Coast Inst. Engrs. and 
Shipbuilders, Jan. 1938 (Eng. Abs. 1, Ship., p. 1). 
Practical experiment on the greasing of launching-ways, Soudo- 
stroiente, No. 9, 1937 (Eng. Abs. 1, Ship., p. 1). 


4. Minne EncIneerine. 
(1) Mine Plans (Surveys, Subsidence, Drainage). 
Studies of roof movements in coal mines, U.S. Bur. Min. Report of ' 
Investigations, 3355 (Eng. Abs. 1, Min. 52). ae 
Ground movement and subsidence, Min. & M. et., 19, 24 (Eng. Abs. 1, 
Min. 53), 7 Be 
Surface ground movements in open-cast mining, Montanist. Rund- 
schau, 30, 1 (Eng. Abs. 1, Min. 54), — 
Preparation of true perspective views from mine plans, Bull. Inst. 
Min. Met., No. 401 (Eng. Abs. 1, Min. 59). a 
(2) Methods of Working. — 
Comparative investigations of mechanical picks with the tes 
machine and in practice, Glichauf, 74, 73 (Eng. Abs. 1, Min. 61). 
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*Rapid opening-up of coal seams and hewing of coal, Glickauf, 74, 141. 

Belt conveyors for underground haulage, Eng. & Min. J., 189, 29 
(Eng. Abs., 1, Min. 73). 

(3) Explosions. 

Dry stemming, Trans. Inst. Min. E., 94, 424 (Hing. Abs. 1, Min. 66). 

(7) Preparation of Coal and Minerals for Market. 

Report of Sub-Committee on Oil from Coal; Committee of Imperial 
Defence, H.M. Stat. Office, Feb. 1938. 

*Carbonization of typical bituminous coals, Ind. & Eng. Chem., 30, 
136. 

(9) Research. 

The Grard safety-lamp, Ann. Mines, 12, 5 (Eng. Abs. 1, Min. 65). 

(10) Electricity as applied to mining. 

Coal-mine fires of electrical origin: their cause and prevention, 


U.S. Bur. Min. Inf. Circ. 6981 (Eng. Abs. 1, Min. 76). 


5. ELECTRICAL ENGINEERING. 


(1) Generation, Distribution, Machines. 
*A new high-tension voltmeter for relative and absolute measure- 
ments, Llek. und Masch., 82, 44. 

Recent developments in magnetic materials, J. Inst. Elec. Engrs., 82, 
| 303. 
Machinery foundations, J. Inst. Elec. Engrs., 82, 327. 
_  *Jnvestigations on self-exciting asynchronous generators, Elek. und 
= Masch., 32, 1. 
Study of the deterioration of rigid metal electrical conduits when 
exposed to 100-per cent. humid atmosphere, U.S. Dept. of the 
Interior, Bur. of Reclamation, Tech. Memo. No. 554. 


(2) Telegraphy, Telephony, Television. 
Automatic exchange design, Inst. of P.O. Elec. Engrs., Paper No. 163. 
Some aspects of magnetic recording and its application to broad- 
¥ casting, J. Inst. Elec. Engrs., 82, 265. 
4 Directional recording of radio atmospherics, J. Inst. Elec. Engrs., 82, 
289. 

eA high-capacity discharge-tube with low excitation potential for 
q cathode-ray oscillographs, Elek. und Masch., 82, 38. 
; 
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x 6. OruEer BRANCHES OF ENGINEERING. 


(1) Aeronautical. ; 
Problems of high-speed flight as affected by compressibility, J. Roy. 


Aero, Soc., 42, 193. 
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Aero. Res. Cttee. Reports and Memoranda. 

Lateral stability of a single-engined high-wing monoplane with 
airscrew running. Yawing moments due to sideslip and rudder 
power, No. 1794. 

Forced oscillations of aeroplanes, with special reference to von 
Schlippe’s method of predicting critical speeds for flutter, 
No. 1795. 

Profile drag of aerofoils at high Reynolds numbers in the com- 
pressed-air tunnel, No. 1804. 

Tests of a compression-ignition fuel-injection engine in a rarefied 
‘atmosphere, Comptes Rendus, 206, 420 (Eng. Abs. 1, Mech. 140). 
Development in series of the flow around an aerofoil in any field, 

Comptes Rendus, 206, 645. 


(2) Automobile. 

Oil-sprays: an investigation of velocities and penetrations, Auto. 
Engineer, 28, 61 (Eng. Abs. 1, Mech. 144). 

Starting troubles in vehicle diesel motors, Auto. Zeit., 41, 34 (Eng. 
Abs. 1, Mech. 163). 

Experiments on the Hesselman engine, Auto. Zeit., 41, 34 (Eng. 
Abs. 1, Mech. 142). 

(3) Illuminating, Heating, Ventilating and Acoustical. 

Brightness of the mercury-are, Trans. Illuminating Engineering Soc. 
(U.S.), 88, 147. 

Fundamentals of electric discharge lamps, Trans. I. Uuminating 
Engineering Soc. (U.S.), 38, 161. 

Effects of artificial lighting on air-conditioning, Heating, Piping, 10, 
134, 

Air-conditioning factors, J. Inst. Heating & Ventilating Engrs., 5, 
538, 

Architectural acoustics, U.S. Nat. Bur. Stand. Circular 418. 


7. ENGINEERING MATERIALS. 
(1) Timber. 


Kiln-seasoning treatments of teak and their effects on its wearing 
‘rab as flooring, D.S.I.R. Forest Products Research Records 
0. 23 
Timber, Board of Education, Science Museum, London 1937, H. M. 
Stationery Office. 
Ocean shipment of seasoned lumber—the changes of ioe 


content during shipment, Dept. of Mines and Resources, Canada, 
Forest Service Circular 49, 
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Comparison of the mechanical and physical properties of the heart- 
wood and sapwood of yellow birch, Dept. of Mines and Resources, 
Canada, Forest Service Circular 51. 

Changes in moisture-content of yard-piled softwood lumber in Eastern 
Canada, Dept. of Mines and Resources, Canada, Forest Service 
Cweular 52. 


(2) Stone, Bricks, Cement Products. 
Classification of methods of mechanical analysis of particulate 
materials, Proc. Am. Soc. Test. Mat., 57, 675. 
Thermal conductivity of building materials, Univ. Minnesota, Engg. 
Expt. Stn. Bull. No. 12. é' 
Experiments on the freezing of certain building materials, D.S.I.R. 
Building Research Tech. Paper No. 19. 

Notes on building limes. II. The flow-table and the measurement of 
plastering “ workability ” of lime mixes, J. Soc. Chem. Ind., 56, 456. 

Notes on building limes. III. Soundness, J. Soc. Chem. Ind., 56, 461. 

Pumice as an aggregate for concrete, Sands, Clays, etc., 8, 109. 

Discussion of the properties of mortar for use in unit masonry 
construction, Bull. Am. Ceram. Soc., 16, 430. 

Non-shrinking and expanding cements, Revue Universelle des Mines, 
18, 166. 

Clinker as concrete aggregate, Bautenschutz, 8, 137. 

Determination of uncombined lime in Portland cement, Ind. Eng. 
Chem. (Anal. Ed.), 9 (10), 451. 

(3) Metals. 

Rust protection of light alloys by painting, Korrosion und Metall., 18, 


317. 
Paint-film failures and their causes, Farbe und Lack, 1937, 535. 


* (4) Other materials. 


Qualities of sponge-rubber as a material for vibration- and shock- 
damping, Physica, 4, 843. 

Laboratory, exposure, and simulated service tests of slow-curing 
liquid asphalts, Public Roads, 18, 85. 


- “Mechanism of film-formation of ‘tars, J. Soc. Chem. Ind., 56, 253. 


8. MIscELLANEOUS. 


Report on observations in the year ended 31 March, 1937, D.S.I.R., | 
_ Investigation of Atmospheric Pollution. 


Norz.—The Institution as a body is not responsible either for _ 


the statements made, or for the opinions expressed, in the Papers 
published. 2 p 
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HUGH HENRY GORDON MITCHELL, 0.B.E., V.D., the 
eldest son of Captain H. H. Mitchell, of the Rifle Brigade, was 
born on the 7th November, 1874, and died in London on the 11th _ 
March, 1938. After completing his education at Bloxham School, 
he served a pupilage of 2 years under Mr. R. J.G. Read. In 1893 
he went as an apprentice for 24 years to Messrs. Heenan & Froude 
of Manchester, and worked for part of the time on the construction 
of the Blackpool and Wembley towers. He was subsequently in 
executive charge of the erection of 5,000 tons of bridge work on the 
Nottingham section of the Great Central Railway. Later he was 
employed by Messrs. Coode, Son & Matthews on the Prince of Wales 
pier, Dover, 1898-1901 ; on the Outer Barrier works, Hodbarrow, 
1901-1903 ; and at Colombo harbour, 1903-1905. 

In 1905, Mr. Mitchell was appointed Harbour Engineer at Madras, 
and in 1919 succeeded the late Sir Francis Spring as Engineer Chair- 
man of the Madras Port Trust. He was Vice-Commodore of the 
Sailing Club, which he was instrumental in forming, and commanded 
the Madras Artillery Volunteers. He came to England in 1916 to 
join the Army, but great damage to the harbour at Madras due toa — 
cyclone necessitated his recall. He returned to England in 1917 and ~ 
joined the Royal Artillery with the rank of Colonel. In 1919, he 
was appointed Honorary A.D.C. to the Viceroy. 

From 1921 until his death Mr. Mitchell was a partner in the firm — 
of Coode, Fitzmaurice, Wilson & Mitchell (later Coode, Wilson, 
Mitchell, & Vaughan-Lee), Chartered Civil Engineers, and was 
principally engaged on the design and supervision of important dock — 
and harbour works in Great Britain, Kenya, Uganda, Zanzibar, 
Tanganyika, Ceylon and the Straits Settlements, and irrigation works — 
in Iraq, to which countries he paid frequent visits. He was awarded — 
the Brilliant Star of Zanzibar in 1929. Yen 

Mr. Mitchell was elected a Member in 1910, and from 1920 to 1922 
served as a Member of Council for India. He was the recipient of an — 
Indian Premium in 1912 and of a George Stephenson Gold Medal in 
1918 for Papers dealing with harbour works at Madras. 4 

He was a Lieutenant-Colonel in the Engineer and Railway Staff 
Corps, in which he had served 13 years. He married, in 1926, 

Dorothy May Mitchell, who survives him. ee > 
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